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STRAND, LONDON, W.C, 2 














RooHEsTER, KENT. 
and 72, Cannon STREET, Lonpor. 

STBAM ROLLERS. ROAD LOCOMOTIVES. 
STEAM CULTIVATING MACHINERY, 
STBAM WAGONS. TRACTORS. 

CHMENT- MAKING MACHINERY. 6808 


fs G. Mxnterd, | Pi 


CULVER STREET WORKS, COLCHESTER 
Ow ADMIRALTY 4ND Wark Orrice Lists. 
BNGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 

See Advertisement, page 33. 


PATENT WATBR-TUBE BOILERS 
AUTOMATIC FEED REGULATORS, 


And Auxiliary Machinery as supplied to the 
Admiralty. 2 





enry Butcher & Co., 
VALUERS arp ih oe aaa 
8 ing in the 
BNGINEERING, oe & METAL TRADES. 


PLANT AND MACHINBRY. 


63 awp 64, CHANCERY LANE, 
LONDON, W.C. 2. 


























"Phone: Holborn 2295. 
Telegrams: Penetrancy, Holb.,London. __ 


ranes.—Electric, Steam, 
HYDRAULIC and HAND. 


of all and siz 
GEORGE RUSSELL & 























es. 
oO., Lrp., 
Motherwell, near Glasgow. _ 6461 


STEEL TANKS, PIPHS, GASHOLDERS, &c. 


rT Thos. Pig ggott & Co., Limited, 


RMINGHAM. 
See Advertisement last week, page 108. 


Pieaty and Gon, 


LiMirep. 


MARINE BNGINEERS, &c. 
Newsunry, Bneianp. 


ank Locomotives. 
Specification and Workmanship equa! to 
Main Line Lecomotives. 
R. & W. HAWTHORS, LESLIE & CO., Lrp., 
Bu@ineErs, NewoastLe-on-TyNE. 6450 
T™ 
Fang A 


seated Railway 
London Office—13 ee \ ger 8.W. 
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Mawvuraor 
RAILWAY CARRIAGE, ‘WAGON ‘AN D TRAMWAY 
WHBBLS & AXLES. 
CARRIAGE & WAGON IRONWORKS, also 
CAST-STRHEL AXLE BOXES. 


P. 




















& W. MacLellan, Limited, 


meer TN WORKS, aeee- 
MANUFACTURERS ©: 











RAILWAY CARRIAGES aad WAGONS, 
OF EVERY DESCRIPTION. 
RAILWAY IRONWORK, BRIDGES, ROOFING, &c, 


Chief Offices: 129, Trongate, GLascow. Od 8547 
Registered Offices: 1084, Cannon St., London, B.C. 


Pruller, Horsey,Sons & Cassell, 
waht ~:~ 

SALE AND VALUATION 

PLANT AND MACHINERY 


and 
BNGINEBRING WORKS. 
il, BILLITER SQUARE, B.C, 3. 


[ 2vincible (ause (4 lasses. 






































1834 

















BUTTERWORTH BROS, Ltd., 
Newtor- Heath Glass Works, 
Maachester . 


























Od 975 











Irom and Steel aes 


_ "Pubes and Prittings. 


6145 


MTs Scottish Tube Co., Ltd., 
Hz.» Orricm: 34, Robertson Street, Glasgow. 


tr-c-,_ 






























SPEEDS UP ro 45 MILES AN HOUR. 
PADDLE OR SCREW STBAMERS OF 
EXceprionaL SHaLtow DRAvGnr. 


Repairs on Pacific Coast 
by YARROWS, LIMITED, Victoria, British 


Columbia, 6876 
SHIPBUILDERS, SHIP REPAIRERS AND ENGINEERS. 


MILLWALL, LONDON, B. 
GeyERnalL OonsTrucTionaL By@InEsrs, 


Boilers, Tanks & Mooring Buoys 

Sri.is, Perro. Tanxs, Arm Recetvers, Sree. 

Cup«neys, Riverep STRaM AND VENTILATING PIPES, 
Hopprrs, SPECIAL Worx, Repares OF ALL Knees. 





(\ampbells & Heme, L4. 


Gear Cutting. 
Worm Wheels cut up to 13 ft. diam. 
Bevel and Mitre Wheels planed up to 3 ft. diam. 


DOLPHIN FOUNDRY, LEEDS. 4547 





179 “¥ achts, Launches, or Barges, 


Built ——- with Steam, Oil or Petrol 
Motors, ; or Machinery supplied. Od 3561 
VOSPER & CO., Lrp., Broap Street, PorTsMOUTH 


FOR 


heet t Metal Stampin; 


GARTSHBRRIE ENGINEERING & FORGE 





8 or 
Gs 
co 


50, 0, WELLINGTON LLINGTON STREET, Giascow. 6208 
QO}! Free! A ppliances. 
PRESSURE, 
SYSTEMS {Aue 
STEAM. 


FOR BOILERS OF ALL TYPHS. 
Kermodes Limited, 
35, Toe TEMPLE, DaLE STREET, LIVERPOOL ; 


109, FenonuRrcH Street, Lonpon, 
NAVAL OUTFITS A SPECIALTY. 


4078 


and 


([ubes Fittings. 


Stewarts and Lvs, L*4. 


Glasgow and Birmingham. 


See Advertisement & pags 60. 60. 


6462 





Suction 


Hose and Fire. 


GUTTA PEROHA & RUBBER, LIMITED, 
Toronto Canada. 
“CARBON 


lants DI-OXIDE 


for Chemical & Mineral Water Mires. & Breweries. 
Reap & CaMPBELL, Ltd., 108, Victoria St., London, 
8.W. Telegrams—‘* Valorem, London.” 


CO? Fi ire rate 


for Publicand Private Bldgs., Blectric Railwa: 
Tux Brirish Frre ApriiancesCo.,Ltd.,109,V 
St., London, 8.W. Telegrams—*“* Nonacid. , Lond ndon.” 


6702 








ocomotives Tank Engines 


eons and constructed Ry, 

MANNING, WARDLE AND COMPA LIMITED, 
ne Works, Leeds. Od 248 

See their Illus, Advertisement, page 121, last week. 





eit te AND 
(Cochran ROSS-TUBE TYPHS. 
Boilers. 
See page 97. 6455 





RAILWAY AND TRAMWAY ROLLING STOCK. 


H=™+. Nelson & Co. |. 


MoTHERWELL. 


. (J ripoly” 


MACHINE BELTING 


FO 
Drivize 


(ionveying 


By levating 





Sora MANUFACTURERS 


ewis & ylor, Ltd., 
L T 





CARDIFF. 6265 
Lorpon. MANCHESTER. GLasaow. 
ew Chicago Automatics, 


Three Sizes, Delivery from Stock. 
NEW CAPSTANS, 1 in. through the wire feed, 


JOHN MACNAB, Mary Sreeer, Hyrps. 
Tel. No.: 78 Hyde. 





6874 


Tue GLascow aoupee STOCK aND PLANT tp Li 





[ C.E., I. Mech E., B.Sc., 


th 4 EB mags? A Hxaminations —Mr, G. P 


KNOW . Inst. O.B., F.8.1., 


Se., 
7) M. Sen. i PREPARES ©, CANDIDATES personally 


or by correspondence. Hundreds of successes. 


Courses may commence at any time.—39, Victoria 





St., Westminster, 8.W. 6789 
(Chains Seed nee Weldedor 

hand made) for all Lom oe also Chain Fit- 
tings, Rings Hooks, Swiv hackles, &c.; Pulley 
Blocks coe use with Chat ee or Hemp 

; Repetition Smithwerk ans a Cast » plain or 
machin Reliable quatit: ‘ompt deliveriesand 
reasonable prices. STR NG ib (Cradley Heath), 

mited, Cradley Heath, Staffs. 6728 





Tue Giaseow Roiiine ry aND Piant Wo ras 


Hx. Nelson & Co., Litd., 


ST ER CATO RRIAGEE WAGONS 


ELBOTRIO CARSand gver ESCRIPTION OF 


AXLE, 
Foreinas, — Work, [now anp —— pGaeennee, 
Press Worx sd Esa 


"Office and Ohief Works : Motherw 
Office: 14, Leadenhall Street, E. th 
Builders of ocomotives, 
HEAVY and LIGHT. 


All Gauges: and Types, 


Address ; a Hp t Department, 
ORTER CO., 
17, Batte Place, New York, 
Or R. 8, COTTRELL, 
3, London Yan Bldgs., London, England. 
Cable Address—STAPELY, New York. 
New Catalogue 12 A mailed on application. 


R Y. Pickering & Co., Ltd., 
. (EstaBLIsHED 1864.) 

BUILDERS of RAILWAY CARRIAGES & WAGONS. 
MAKERS of WHEELS and AXLES of all kinds. 
RAILWAY WAGONS FOR HIRE. 

Chief Works and Offices : 
WISHAW, near GLASGOW. 
London Office : 
8, Vicronta Streer, WesTminsrer, 8.W. 


M *hine and Engineering 


WORK of all Seas undertaken for 
preemie bray Also repairs and 


& e'RUBSHLL, Lang oP pasty Peet eee 


are prepared to undertakethe 
pred: ary thro snd will be 














a 








— 





4 WwW Ty Qr egister a e Genera 1p , Y7Taq' « Do .R No} c. J 
VOL, CV IL—N 0. 2 ‘ 44.] ES Office be gy ani LO! N DO: Vy: FRIDA } ; A UG US7 2, 1918. [ Salads tomes By Ring oe Bd. 
veling & Porter, Ltd., arrow & Co., Ltd. ohn liam imited les Limi d, 
& 8 : Y SHIPBUILDERS AND ENGINEERS, J Be y L Ay INBRBRS, IRLAM, ait 


FRED WATER HEATERS 


CALORIFIBRS, HVAPORATORS, | Row’s 
CONDENSERS, | AiR HRATERS. PAaTENTs, 
STHAM GAS KRETTLES. 
Merrili's F Patent TWIN STRAINERS 


SYPHONIASTHAM TRAPS, MADE REDUCING ane 
lass GUNMBTAL STEAM FITTINGS. 
ATER SOFTENING and MILTBRING. 5723 


Yarrow Patent 


hs Sevan! Bowers. 


6877 
YARROW & CO., UNDERTAKE the 
PRESSING and MALHANING pe the herein) a 
of Yarrow Boilers, such as the Steam Dru 
Pockets, and Superheaters for yr gg 
Firms not havin ob. L necessary faci 
YARROW & Itp., “Scoisron, Gi GLASGOW, 


Spat pal & Co. |: 
Leverrorp Works, Dumbarton. 6054 
See Full Page Advt., page 70, July 26. 


Forgings. 
Weer Soe & Co., Ltd., 


HALESOWEN. 5542 








and.—Fresh Water Silver 


GREY SAND, Coarse or Fine, in truek loads. 
—For prices oes aot Ba sinplea, w write THE MORETON 
SAND & Station 
rehester. L 390 





[\eylor & (jhallen 


Presses. 


TAYLOR&CHALLBEN, Lp., Engineers, Binmin@HaM 
See Full Page Advertisement June 28. 


ailway 
G witches and 


rossings. 
T. SUMMBRSON & SONS, LIMITED, 
DaRLineron. 


ement, —Maxted & Knott, 


Lrp,, Consulting Siwy ittwe wwe 
GENERALLY on Riots 
AND” ABNOAD. A ADVIOR Y. 





> Highest 7 santeomn: 


Address, - ay ivdunn Hun. 


Cablegrams: ‘‘ Hnergy, Hull.” 6290 





‘a [™proved High Pressure 


NEWABLE DISC GLOBE VALVE. 
See our Advertisement in last week's isene, page 12. 
BRITISH STBAM SPHOIALITIBS, Lep., 
Bedford Street, Leicester. 


t, 





as and Oil Engine Repairs. 
—. J. DAVIS & OO., Great Bastern Road, 
Stratford, B. 16. 
Tel.: 136 and 737 Stratford. 





Gram.: Rapidising, London. 17% 
CHANTIBRS & ATELIBRS 
ugustin - ormand 


67, rue de Perrey—L¥ HAVEE 
(France). 


_ 3890 
amine ~~ Boats, Yachts and Fast Boats. 
and Submersible Boats. 
NORMAND F Patent Water-tube Boilers, Coal or O4! 
ing. Diesel Oil Engines. 


(Kentrifugale. 


pot ((aseels & Williamson, 
MOTHERWBLL, SCOTLAND | 
6246 
See half-page Advertisement page 82, July 12. 
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ENGINEERING, 


[Aus. 2, 191 8. 








Fou 
Certifiestes of 


pee thes paid in case plosions. en 


and Beilers inspected during constructien. 


[Jniversity of of Manchester. 
PAOULTY OF | OF SCIENCE. 


ENT OF IVIL, MECHANICAL AND 
DBPANTRLBOTRICAL BN BNGINBERING. 


Pull particulars of these eae Conrses will be forwarded 
on ae tion to the REGISTRAR. 
he Session commences on ae ord cea as 








UNIVERSITY OF DURHAM. 


rmstrong College,|,! 
NBWOASTLE-UPON-TYNB. 


PrixctraL—Sre W. H. HADOW, M.A., D.Mus., J.P. 


Acting cer eee “tay 37 J. Wient Durr, 
M.A., D.LAtt. 


SESSION 1917-1918. 
COMMENCING 23rd SEPTEMBER, 1018. 


Depactments of MECHANICAL, MARINE, Civu and 
BuKcrricaL Byarveertne, Naval ARCHITECTURE, 
Mimixe, METALLURGY, AGRICULTURE, and of Purk 
Science, Ants and COMMERCE, 

Full partieulars may be obtained on application to 

F. H, PRUBN, M.A., Secretary. 

re —— Newcastie-on-Tyne. 6045 


London College 
(University of “pom E.1. 


K ast 


FACULTIBS OF ARTS, SCIENCE axp 
BNGINEERING. 


MEDICAL COURSE 
In conjunction with the 
London Hospital Medical College. 
amen may Course in Science, Engineering and 
Aeronautics for 
AIR PILOTS. 


Fees, £210 10s, Hostel for Women Students, 
Prospectus on application to REGISTRAR, 


M 93 





niversity of Birmingham. 
DEPARTMENT OF - OF METALLURGY. 


Professor—THomas TuRNeR, M.Sc., A.R.S.M., F.L.C. 
Lecturer In Metallography— (Vacant). 
Assistant Lecturer and Demonstrator— 
R. M, Jonus, M.Sc. 

The Course of puady covers three you, and leads 
to the degree of B Metallu: There are 
separate courses for tention a dev Metallurgica 
Chemists. Special rs devoted to Iron an = 
Steel; Copper, Brass and 1 Industri 
to preparation for Colonial’ an and Fereign 
Research and other Schelarships. 


For particulars PPO. H. MORLEY, M981 
} Secretary. 


Poste. 





niversity of Birmingham. 
ra ve OLIVER LODGE, M.Sc., D.Sc., 
Vice-Parncrral—Sir WILLIAM ASHLEY, M.Com. 


BNGINBERING DEPARTMENTS. 

1.—MBCHANICAL BNGINEBRING. 

Cuance Prorgesson—F. W. doa Be., M.A. 
(Cantab.), M.Inst. on M.Inst.B.K. 

Lecturer — R. ©. POR TER, M.Sc. (Vict.), 
A.M. Inst.C.B. 

DemonsTraTor—(Vacant). 

Lec cs on eceue Desian—F. J. BROSCOMB, 

AssIsTaNT nt ow Macuine Desien—W. C. 
WISHART, B.Sc. 


Il.—OIVIL BNGINBBRING. 
athe Prorresson—FREDE ws ©. LEA, M.S8c., 
D.Sc. (Lond), A.M.L.C.B 8. 

Leorvagr — NORMAN THOMAS, M.Se., 
A.M.1.0.B.. ‘MEME. 
Ass Lecrurngrs and DeEMonsTRAToO! 
‘ROBERT ©. PANTON, M.Sc. MA. BALL, and 
. M. OHADWICK, .M.Sc., A.C.@.1. 


iter ago ag 
Prore sor — GISBER' ner P, M.S8e., D.Bng., 
nat.C.B., M. Test. E.E 
Pe . KIPPS, M.Bo., M.Inst.B. B. 
Assistant Lecrurerand DemonsrratToR—(Vacant), 


THE FULL COURSES BXTBND OVBR FOUR 
* \RS, and Students who enter after 
mo each WILL BE BENT 
of BACHELOR OF SCIBNOB in Engineering. 


THR SESSION 1918.19 {COMMENCES oN 
TUBSDAY, lst OUTOBER, 


For oor base 8 
Universit 
seo 


feionn, Locture Ay 


a evening) week 





as [the University of Sheffield. 


SBSSION 1918-19. 
Vice-CuanceLLon—W. RIPPER 
©.H., D.Bng., D.Sc., M.Inst.C.E., J.P. 
DEPARTMENT OF APPLIED SCIENCH, 
FACULTIES or BNGINBBRING anxp 
METALLURGY. 


Mochasienl Bugineering W. titres CH. D.E 
D.sc., M.tnet.C.B. J.P. ee 


Petelincey . O. ARNOLD, F.R.S. 
ee . B. Anuernone, M.Se., i F.tas. .0.B. 


een Che —L. T. 
a Sonne, a MA. 
Ch —W. P. Wrenn, D.Sc., F.R.S. 
Geology—W. G. Feannsipxs, M.A. 


ee Onaprer, B.Eng., 


Civil B B. o° 
asin Od usBaND, B.Eng 
w. os "8. Turner, D.Sc. 
ee mm 


¢ subjects in w which courses of study are pro: |S 


ti ti ob gar hes Giscmeenntion ‘hysics, 


Technology and 
The Meteor ane OF BNGINEERING in- 
el cal, Electrical and 


and 


E 
Associateship of “the Un Pip mips 
3pecial three years’ courses are or Works’ 
pevte, = who come to the University from the works 

heffield, er from other centres, taking six 
months’ study at th at the University and six months’ 


practice at the works each 
The he DHPAMTMENT OF MRTALLURGY includes 
a) the Metallurgy of Iron and Steel, and (5) the 
ae of the Non-ferreus Metals. ar course 
a over three years, 
of Bachelor of Motallu 


ae Met), or for the A Associateship of the University 
The equipment Mf this department 


is on an exceptionally complete and 
The work of the D 


course, of 4 months at the University 


and six months at a coll: 
The DEPARTMENT OF PPLIED CHEMISTRY 
deals specially with the subjects relatin, us 


— of Mining, and of the Coal and Coke 


ndustrtes. 

provides) « Diploma Cou a bousisbap spetunatte 
os (a) a ree, requ : ma 

study of ‘tice of Gilses Manu- 

poste ed 4 "period 7 t years, and (5) Part 


time 
‘ARTMBNT. ‘OF REFRACTORIES pro- 





The I DE 
vides special courses af” instruction and oppor- 
tunities for research in problems connected with 
the application of refractory materials to industrial 


The LECTURE COURSES of all the De mente 
are supplemedted by Practical training in Labora- 
tories, — hops and Foundries fully equipped for 
the purpose of advanced scientific teaching, investi- 
gation = research 

ime Courses ame d for who 
desire to take epecal portions of any of the regular 


“The "LEOTURE COURSES commence 2nd 
October, 1918. 
The TECHNICAL LABORATORY COURSES 
commence ard September, ; 940 
W. M. GIBBONS, Registrar. 


Rtendaent 











THNDHERS. 





he | National Steam Car Co., 


have FOR DISPOSAL, at > or 
fiestonal 1 Gas ENGINE, No. 13,441, 60 HP., 


and cunrge De ons order, with Gas Plant. Can be 


Apply, NA SWAHONAL STEAM OAN CO, ite, 





APPOINTMENTS OPEN. 





COUNTY BOROUGH OF DARLINGTON. 
TECHNICAL sal COLLEGS. 


KB ineering Lecturer 

UIRED to teach Blementary Stages of 
Kngineerin:, Science, ine Drawing and 
Geometry. Workshop experience essential. Salary 
required to be stated. Forms of Application from 
the eine Ragest, to be returned completed on or 


before 12th 
A. C. ae 
ecretar 
peemeee: — 
July, 1918. 
BOOTLE EDUCATION COMMITTER. 


MUNICIPAL TECHNICAL og 
Principa! :—Mr. LAURENCE Sma, B 


anted, for - the lst Septem- 


ber, two ASSISTANT MASTE for the 
Junior Technical and Technical Schools--one for 
Science, the other for Practical Mathematics and 


Technical Draw: 
Men of Univ. ty or Technical 


who are also skilled in 


M 248 





Yad Worken af | perience 


Drawing Office practice are 
The duties a occupy on a (day and 
by s-% Nising to £960, with W.T.A. sae 


cen 

Schedule of Duties, with outline of 
Po obtained from THE SHORETAKY 
B TION. 


eyo neg eg’ @ positions to be completed 
not than 17th August, 1918, 
Town Bootle, Lancs 


July, 1918. M 287 


WARWICKSHIRE "eos COMMITTEE. 


A plications for for the the Post "of 


UORGANISSR of all Further Education, in- 
ans ipeletonens will be held under the Warwick- 
u 
shire Sp eager Committee. 
The salary —_ be £400 per annum. 


with 
enone: should be fenwarded 
so ned, from whom further partons 
can be o 


or — 


7 OeRTHUR MORSON, 
Sins tai Clerk to the Committee. 
nn dings, 
High Street, 
Rugby. 
NORTHERN COMMAND. 


ESTABLISHMENT FOR BN ENGINEER SERVICES. 


Hy. ydraulic Superin- | engin 

TENDENT anos mg te take 

oP of Dock Hydraulic Installation in 

—- 
Mec 





icants must be thoroughly trained practical 
ea En nn Ry page E in cand 
nm and o slow 5 
ven hydraulic pumpi nes, hn om 
beilers and accumulators, also in the maintenance 
of high pressure mains, hydraulic cranes and 
eqeerel deck plant. 
n the operation and maintenance of 
IS packing presses and intensifiers will be 


_ ees per week according to experience 
‘Applications from ineligible or low 


P 


M 278 | - 


rm Engi Surveyors --V --Wanted 
nical and facto BRGINE ENGINEER Bu on Bui 
or over 7. e 4 os, Mi 506, Omen nt wry Fortin 


Woes Immediately, by En- 


in Yorkshire 
bw ary 


pane machinery. 
po rere ge a & 
ef electric cran lhe Xe . Neo one 
on Governmen — or residing more all 
a n a .— Add: ! 
_* a. &e., M221 Offices . 
GINEERING. 
Com- 
for Sales 





10 mi 





Broadly Trained Youn 


mercial ENGINEER Ptnsne | 


fe neers of large ab mage firm with a view 


* ansteabl Exceptional ype ~ 
— ie. t) rtunit 
Will those who do not pases thes, 
eine tati siete nfdemeettt ae area .., 
8 ing, in con‘ ull ex ence, & 
BOX 30, RNE-Peacock Co., Sa Count 
Buildings, Cannon Street, Manchester M 311 


We Engineer and Fitter 


for Infirmary. Must bea thoroughly well 

tesined mechanic, cage capable of tabing charge of sma! 

Pp , laundry machinery, etectric lighting, 

slectria lifts, &e — Applications, together with ful) 

ulars as toa: es and wages required, 

to be made to PERKINS, Consulting En- 
gineer, 26, Victoria b Aabalng Westminster, S.W. 1. 

M 302 








gory men, 

qualifications and ex semiata: and ac- 

— by copies of recent Is, should 

be forwarded as soon as possible, marked or draulic 

Superintendent ” on envelope and ad 
CHIEF aaawest 


so Cone, 
ork. 
COVENTRY BDUCATION COMMITTEE. 


MUNICIPAL TECHNICAL INSTITUTE. 
The Committee invite 


au| A pplications for the Post of 
ASSISTANT ENGINEERING MASTER at 
the Municipal Technical Institute. 
PB candidate appointed will be required to take 
his duties at an early date. 
‘orms of a which may be obtained from 
the undersigned of a stamped 








G tee! Works Drau ghtsmen.— 


Three REQUIRED for or age Sheffield Stee! 
Works. Good general mechanical, but not neces- 
sarily steel works, experience essential. Good 
salary and prospects to suitable men. Permanency. 
» one sirendy employed on Government work wi! 
= ding og sneaged— A PP » stating full ae. in- 
clu ai! Stone ‘our nearest 
BMPLO and an HANG ‘nendioniog this 
Journal phe M 280 


R uired for London Aero- 
Pp 


ane Factory, N.W. Distcict, DRAUGHTS- 

MAN to assist in checking of tool drawings. Must 
be accurate and reliable. Also two or three Junior 
Draughtsman for jigs, tools, etc. No one engaged 
on Government work or ang more than 10 miles 
away need write to BOX , SELLS Lrp.. 148, 
Fleet Street, B.C. 4. M 270 








foolscap envelope, wet be returned ane com- 
pleted, with a t of of 

required, on or betere Monda 

FRE 

Education Department, 

Council House, 

Coventry. 

30th July, 1918. M 314 


1 Dypngens Clerk Wanted for 


works in the Midlands, producing 

sabe cast ironwork. Permanent situation 

works knowledge and previous ane 

in costing essential. No st ne sone on Govern- 
ment work will pa engaged. ri fe — full 


and uired, nearest 
EMPLOYMENT I XCHANGE 9) rk. F. No. A wane 
Premium Bonus Clerk 
REQUIRED for Marine e Shop on 

lower Ro of Clyde; Sa with cognewing 1@ 
knowledge. Disc from Army or of low 
category. No one already employed on Government 
work will be engaged. —Apply, statin, i oe 


mee and , to your nearest 
ay EXCHAN e, mentioning this Journal and 





. 2th ORM” 1918. 
Secretary. 


K. 








hemist, Steelmaking, 
WANTED. Stock Converter Plant and 
Heroult Furnace. No person y on Govern- 
a work will be engaged. Apply. giving age, 
experience, » and reference to 


ag a7 nearest SMPLOYMENT tex BXCHANGE, quoting 
Managing Director Required 


for aoe Brass and Metal Sl, bored 
pany in Birmingham, Must be capable; take 
aa arge of works. Can invest up to 
Good opportunity for right man.—Address, M 304, 
Offices ENGINEERING. 


irst-class Works Manager 
REQUIRED te take entire control of Shell 

Factory Contract; 7000 shells per week. A 
tical, capable organizer, Only t men whe 
hada gh su ul career, which will be care: 
fully investigated, need apply. No one — 
Government work will be engaged.— Address, 
Offices of ByveineERING. 


uperintendent, with real ex- 
perience and ability in the control of labour 

and intensification of ou Sow REQUIRED for the 
a age ty = ofa bey ome agree in the 
ef En experience 

a t not —— The oe ae Fyegee 
or ae Ko = = on “Eovernment | iready 
work will be engaged. T 


yo ama repetition aR veg wok will n not be suit- 
able 


your “nearest SiPLOWMENT BXOHANGE, men. 


joning this Journal and M 3: 


A luminium Voantes Super- 
INTENDENT REQUIRED. Must be 
thorough) y. —— and ctical ex- 

“Saen 
names , | ae 


stati pactioens BO Dox 3 — Gubonxr Pracoex 
Co., Go. La County Buildings, Cannon Street, Pa 


| Wasi ose Bei 
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A NEW THEORY OF THE STEAM 
TURBINE. 


By Haronp Mepway Martin, Wh.Sc., A.C.G.I. 
(Continued from page 55.) 


Ir will be seen from the discussion in the previous 
article that the adiabatic heat drop under different 
conditions cannot be taken as proportional to the 
actual effective thermo-dynamic head. Where the 
superheat is high the reheat factor is also high, 
and vice versa. If the superheat be maintained 
during half the total steam path through the turbine 
the steam will, during this period, benefit by a 
higher reheat factor than when it passes as wet 
steam through the remainder of the turbine. It 
will now be shown that this consideration is not of 
itself sufficient to rationalise the known values of 
the superheat corrections. 

The point at which different degrees of initial 
superheat are lost can be determined in the following 
way. Assume, for example, that the initial pressure 
is 180 lb. absolute, and that the hydraulic efficiency 
of the turbine is 70 per cent. Suppose the super- 
heat to be lost at, say, 80 deg. C., the volume of the 
steam is then 54.596 cub. ft. per lb. (Callendar) and 
its pressure is 6.8627 lb. per square inch. The initial 
pressure being 180 Ib. absolute, we have 

r= Pig 180_ 
Po 6.8627 

If p be the ratio of the final volume to the initial 

volume, then, since the expansion follows the law 


p V4 = constant, we have p = 2. 


The value of 


. is given (page 53 ante) by the 
relation 


1 — 0.23077 » = 1 — 0.23077 x 0°7 
= 0.8385 


at heed 


Whence : 


0°8385 
180 Ve 
= nd V = = 3-528 cub. ft. per bb. 
: [ sie | es 


Reference to Callendar’s table shows that steam 
at 180 lb. absolute, with this specific volume, has a 
temperature of 331.6 deg. C., corresponding to a 
superheat of 142.1 deg. C., or 255.8 deg. F. By 
determining a number of values in this way and 
plotting the results as curves, the temperature at 
which any stated initial superheat is lost can be 
determined. The figures tabulated below have thus 
been obtained :— 

TaBLe 1V.—Approximate Temperature (Centigrade) at 


which superheat is lost for different hydraulic efficien- 
cies n when the initial pressure is 180 lb. absolute. 









































2 * Original Superheats. 
=> 
g¢ 
Be 50 deg. |100 deg.|150 deg.|200 deg.|250 dez.|300 deg. 
me 0 F. F. F. F. F. F. 

= 

Deg. C.| Deg. C.| Deg. C. g.C.| Deg. C.| Deg. C.| Deg. C. 

0.5 | 189.5 | 133.9 | 94.0 | 64.5 | 43.0] 27.4] — 
0.6 | 189.5 | 149.9 | 117.4 | 93.9] 75.0] 59.0) 46.2 
0.7 | 189.5 | 157.3 | 133.3 | 112.5 | 95.7] 81.8 9.7 
0.8 | 189.5 | 163.7 | 142.5 | 125.0 | 110.4 98.0 | 86.9 

With the temperatures given in the above table 


we can calculate the total effective thermodynamic 
head or, to use Professor Goudie’s term, the cumu- 
lative heat, which becomes available in a turbine 
when expanding steam from 180 lb. absolute to 
1 lb. absolute with different hydraulic efficiencies, 
the steam being supposed to be in thermal 
equilibrium throughout. Suppose, for example, 
that in the initial condition the superheat is 
150 deg. F. and that the hydraulic efficiency is 0-6. 
Then from the table it appears that the superheat 
will be lost when the temperature of the expanding 
steam falls to about 93-9 deg. C. From Callendar’s 
tables we find that the total heat of saturated 
steam at this temperature is 636-81 ft.-lb. Centigrade 
units, whilst the total heat of the steam in its initial 
state was 715-29 deg, ft.-lb. Centigrade units. The 
difference between the figures is 78-48 ft-lb. 
Centigrade units, and this represents the useful 
work done. Hence, as the hydraulic efficiency is 
0-6, the cumulative heat or effective thermodynamic 


78-48 
head expended in the superheated field is — 





130-80 ft.-lb. Centigrade units. The remainder of 


the expansion down to the final pressure of 1 Ib. 
per square inch is, on our present hypothesis, 
effected in conditions of thermal equilibrium. The 
value of the adiabatic heat drop u, for this expansion 
from the pressure of steam saturated at 93-9 deg. F. 
can be found in the usual way, either from the 
tables or by measurement from the steam chart, 
Plate I ante. From Callendar’s tables we find that 
us in the present case is 85-98 ft.-lb. Centigrade units. 
The pressure of steam saturated at 93-9 deg. C. is 
11-76, so that x, the ratio of initial to final pres- 
—=, and from Table III, 
page 54 ante, the corresponding reheat factor is about 
1-0309. Hence the cumulative heat U, expended 
during this part of the expansion is U, = R u, 
1-0309 x 85-98 = 88-63 ft.-lb. Centigrade units. 
Hence the total accumulative heat U = U!+ U, = 
130-80 + 88-63 = 219-43 ft.-Ib. Centigrade units. 
The value of u, the adiabatic heat drop for the whole 
range of expansion, is 201-66 ft.-lb. Centigrade 
units, so that the efficiency ratio corresponding to 
the hydraulic efficiency of 0-6, is sie x 0-6 = 
0-6529, and the average reheat factor for the whole 
range of the expansion is 1-088. 


sure in this expansion, is 


Fig. 4. "INDICATED" HYDRAULIC EFFICIENCY 
OF IMPULSE TURBINES IF STEAM EXPANDS 
IN THERMAL THROUGHOUT. 





uu 
where d-mean dia. 
and n- of’ 


units. 


1100 


(6513.0) Values of ma 


The figures given in the table below have been 
thus obtained :— 

Taste V.—C ilable heats F.P.C. when steam 
expands in thermal equilibrium from an initial abso- 
lute pressure of 180 1b. per sq. in. to 1 lb. absolute ; 
with different hydraulic efficiencies and different initial 





Leak 














superheats. 

of Initial Superheats. 
Sp 
36 
ge 
ssi} 0 50 100 | 150 | 200 | 250 | 300 
z= deg. deg. deg. deg. deg. deg. deg. 

= F. F. F. F. F. F F. 
0-5 | 201-3 | 207-2 | 216-2 | 226-9 | 238-9 | 251-1 | 262-4 
0-6 | 197-4 | 203-5 | 210-3 | 219-4 | 220-6 | 240-4 | 251-4 
0-7 | 194-1 | 199-2 | 206-7 | 214-2 | 222-6 | 232-9 | 241-3 
0-8 | 190-7 | 196-3 | 202-5 | 209-3 | 216-9 | 228-5 | 233-6 
1-0 | 184-1 | 189-5 | 195-4 | 201-7 | 208-2 | 215-0 | 222-0 


























To determine from this table the theoretical steam 
rate for a turbine working with different superheats 
a correction is required because increases in the 
effective thermodynamic head change the ratio of 
blade speed to steam speed. 

This correction can be effected by means of 
the curve plotted in Fig. 4 on the assumption 
that thermal equilibrium was maintained through- 
out the whole expansion. In this curve the 
“indicated” hydraulic efficiency of a number of 


K 
impulse turbines is plotted against UT where : 
d \2 /R.P.M.\2 
z= (35) (Feo) 
and U denotes Ru where wu is the adiabatic heat 
drop. In the above expression for K, the number 


of stages is represented by n, whilst d denotes the 
mean diameter of the blading. Since the average 


velocity of the steam is proportional to r/ = the 


expression alm. is proportional to the ratio of 





blade speed to steam speed. According to the 
ordinary view the indicated hydraulic efficiency 





should give a parabola when plotted against 5 
and consequently the curve in Fig. 4 should be 
an ellipse. The points lie badly on an ellipse, 
however, and the curve shown has been sketched 
in freehand. As will be shown later a much better 
agreement between the curve and the experimental 
figures is obtained when the theory that the steam 
expands in thermal equilibrium is abandoned. In 
point of fact the result represented by f, the last 
point plotted on the diagram, was obtained with a 
turbine which was certainly over-speeded. Yet, 
according to the ordinary theory on which the 
plot is based, its efficiency is apparently the highest 
of the lot. The turbines varied greatly in design 
and size, and it was therefore essential to correct 
the actual test figures for disc friction, fan action, 
giand and bearing losses. For the disc friction and 
fan action Kerr’s formula (ENGINEERING, August 22, 
1913) page 268, was used. The energy wasted in 
journal friction was calculated by the formula : 
; 1/d\2/l\ RPM. 
Kw. wasted = r (=) (5) = 

where d denotes the journal diameter in inches and 
I its length in inches. Thrust block friction was 
estimated from the formula 


HP wasted = NP(3)¢ BPM 
8 \10 100 


where N denotes the number of collars and d the 
mean diameter of the collars and 6 their radial 
depth, both taken in inches. Water gland friction 
was estimated from the formula : 


~ 1 d \2(-d R.P.M.72°8 

Impeller friction HP = owl ws) et 
Labyrinth packing losses were estimated from the 
usual dummy leakage formule. 

The test figures gave the brake efficiency ratio, 
and this was by means of the above corrections 
reduced to indicated efficiency ratios. The initial 
and final states of the steam being known, it was 
possible to calculate, by the method explained 
earlier in this article, the efficiency ratios which 
would correspond to such hydraulic efficiencies as 
0-5, 0-6, 0-7 and 0-8, and by interpolation the 
hydraulic efficiency corresponding to the observed 
efficiency ratio was then obtained. 

At the time Mr. Baumann published his correction 
curves a high value for the hydraulic efficiency 
(thus calculated) of an impulse turbine was 0-7. 
This, it will be seen from the curve, corresponds to 





a value of t equal to 580. If we assume that 


this was the value of » with steam super- 
heated to 150 deg. F., in which case the effec- 
tive thermo-dynamic head is 2142 F.P.C. (see 
Table V), we can, by a method of trial and 


K 
error, arrive at the corresponding value of ——- 


U 
for the case when the turbine is fed with 


saturated steam. Thus from Table V, with satu- 


rated steam and an hydraulic efficiency of 0-7, 
Ui 1 to 194°1. givi 580 x 214-2. 
is equa » giving loa] = 


as a first approximation to the appropriate value 
of ik The curve in Fig. 4 shows that the 


hydraulic efficiency corresponding to this is 0-72, 
whence, by interpolation in Table V, we get 
193-4 as a second approximation to U for satu- 
rated steam. This gives 643 as the corresponding 


K 
value of UD’ which is near enough to that 


originally found to require no further adjustment. Of 
this 193-4 units the amount converted into work is 
therefore 0-72 x 193-4 = 139-2 ft.lb. Centigrade 
units, whilst with the 214-2 units available with 
150 deg. F. superheat, the useful work done is 0-7 x 
214-2—149-9 ft.lb. Centigrade units. Hence the con- 
sumption with saturated steam, assuming that the 
expansion takes place in thermal equilibrium, should 
bes == 1-077 times as much as with steam 
superheated to 150 deg. F. From Table I, 
page 53 ante, it appears that the consumption 
with saturated steam is 1-163 times as much. It 





will be seen from the foregoing that the known 
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values of the superheat corrections are thus incon- 


sistent with the h hesis that the expansion of | limi 


wet steam takes 
equilibrium. 

An obvious suggestion is that the outstanding 
discre is due to wet steam meeting with a 
higher frictional resistance. This theory was 
referred to in the introductory article. As 
there pointed out this explanation is at variance 
with Osborne Reynolds’s observation* that: ‘“ When 
the motion of a fluid is such that the resist- 
ance is as the square of the velocity, the 
magnitude of this resistance is sensibly quite 
independent of the character of the fluid in all 

except that of density.” In other words, 
the head lost is then dent of the character 
of the fluid, whether it be viscous like treacle or 
comparatively limpid like water. If the velocity be 
high enough for the resistance encountered by the 
treacle to be proportional to the square of the 
velocity, then the head lost will be much the same 
as with water flowing at the same velocity through 
the same pipe. This view has received ample 
experimental confirmation. Professor C. H. Lees, 
for instance, has shownf that the head lost in a 
pipe can be accurately represented by two terms, 
of which the relative importance of the term 
involving the viscosity of the fluid diminishes as the 
velocity rises, but in any case varies only with the 
0.35 power of this viscosity. Viscosity has there- 
fore, he observes, ‘‘only a small influence on the 
result.” It does not appear, therefore, that any 
material difference is to be expected in the fluid 
friction of superheated and of wet steam. If any 
exists it is probably due to secondary causes. 

It results from the foregoing that the ordinary 
theory leads to large and inexplicable anomalies 
in the superheat corrections as established by 
experience. 


in conditions of thermal 


(To be continued.) 





THE SALT TRADE OF THE UNITED 
STATES. 
(Concluded from page 79.) 

In any open-pan process a considerable quantity 
of heat escapes with the heated vapour, and the 
next improvement was to utilise the lost heat units. 
Owing to an abundance of cheap fuel, little study 
had been given to the subject of economical evapora- 
tion. Cheap fuel has had much to do in localising an 
industry of which the raw material is so plentifully 
and widely scattered. In some districts, the salt 
manufacture has been carried on in connection with 
some other industry in order to utilise heat that 
would otherwise go to waste. Cheap and readily- 
available fuel from the lumber mills of Michigan 
fostered the salt industry in that State, and some 
firms will undoubtedly discontinue making salt as 
lumbering declines. In other places, exhaust steam 
has been supplied from the neighbouring plants of 
traction companies or from electric plant. Com- 
peting firms, less favourably situated, have had to 
rely on more economical heating methods, and the 
vacuum-pan process already in use in manufacturing 
sugar was introduced into the salt factory about 
1885. That it was not utilised sooner, was due to 
difficulties experienced in crystallising the salt in 
the pans, but with the removal of this obstacle, the 
plan of multiple-effect evaporators has advanced 
rapidly in favour, and is now used in all districts 
where salt is produced in the largest quantities. 
The general principle is well understood and only 
the briefest reference is necessary. The object 
desired is that the steam produced by boiling brine 
in a closed vessel should transfer its heat to brine 
in a second closed vessel, ind that this process 
should be repeated in a series of closed vessels, by 
maintaining in each such relative pressures as will 
cause the respective boiling points of the brine 
contained in each to be lower from the first to the 
last of the series, so that the steam produced from 
the brine in each vessel may be condensed in another 
vessel immersed in the brine of the next succeeding. 
Inasmuch as the boiling point of liquid varies with 
the pressure to which it is subjected, the boiling 





rs," vol. ii, page 237. 


* “Scientific Pa 
t Proceedings of the Royal Society, vol. xli, page 46. 


int may be d at will between certain practical 
Fits > hy Sat yt Af my 
of procuring a vacuum, and is about 125 deg. F. 
The upper limit is fixed by the temperature of the 
steam used, which may be, for exhaust steam, about 
225 deg. F. Where triple effects are used, the vacuum 
as measured in inches of mercury is successively 
maintained at about 15 in., 24 in. and 27 in., the 
object being to maintain in the last effect as nearly 
perfect a vacuum as practicable. 

Vacuum pans are usually iron or steel vertical 
cylinders with conical ends. The diameter is gener- 
ally more than 9 ft., and the tendency is to increase 
in size. One recently erected had a diameter of 30 ft., 
and is capable of producing in triple “ effect,” 
1,000 tons of salt per day. The details of construc- 
tion vary considerably, but the general lines on 
which they are built can be inferred from Fig. 5, 
in which are shown the essential parts of a Swenson 
evaporator. These consist of the evaporating 
chamber, the steam chest, the cone-shaped bottom, 





compressed air, The principle of superheating the 
brine at high pressure and of releasing the pressure 
suddenly, with the view of effecting the precipitation 
of the gypsum, has been tried, in some plants with 
good effect, but in general, there seems to be no 
alternative to stopping the process and scaling the 
gypsum. Any chemical treatment that would 
effectually rid the brine of calcium sulphate, lime, 
magnesia, and oxide of iron is too expensive to be 
practicable. 

Before quitting the subject of evaporation, it 
would be convenient to consider the relative efficien- 
cies of the different processes employed, but, unfor- 
tunately, Mr. Phelan has not been able to collect 
trustworthy and comparable data. He attempted to 
base an inquiry on the unit cost of making salt, but 
the information received was so unreliable that 
comparison was impracticable. Interested motives 
may interfere with accurate statistics, but in the 
uncertain condition in which the industry is at 
present, and to which allusion has been made, it is 
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Fie. 5. Tue Swenson TripLte-Errect Evaporator. 


and the barometric leg. ‘“ The evaporating chamber 
is dome-shaped and of sufficient height to prevent 
loss by entrainment. The steam chest is fitted at 
the top and bottom with tube plates, into which are 
expanded a number of 2}-in. copper tubes. The 
downtake is in the centre of the steam chest, and 
is of sufficient size to prevent the clogging of the 
salt crystals as they are formed. The brine circulates 
up through the copper tubes and down the central 
downtake. The salt crystals, as formed, drop into 
the quieter part of the cone-shaped bottom, through 
the barometric leg into the boot of an enclosed 
elevator, which drops them into the drying bin.” 
In the early days, great difficulty was experienced 
with the gypsum that so coated the tubes that they 
required boiling and boring out every two hours. 
Great improvements have been introduced, but 
the deposition of gypsum is one of the main diffi- 
culties against which the salt manufacturer has to 
contend. This trouble will continue, for the brine of 
all the important fields carries more or less of this 
sulphate. In many modern plants, so great is the 
deposit that the operation of boiling out has to be 
effected every day, and in order to maintain the 
apparatus at maximum efficiency, at frequent 
intervals the have to be cooled and the 
scale removed from the copper tubes in the steam 





belt, usually by boiler-tube cleaners operated by 





to be hoped that exact data relating to the subject 
will be published. The inquiry, though necessary, 
is not simple, because of the entry into the problem 
of many variable factors, such as the concentration 
and composition of the brine, the nature and calorific 
value of the fuel, the humidity of the atmosphere, 
with other evidently disturbing causes. The more 
trustworthy determinations show that a kettle 
“ block ” can produce 2,520 Ibs. of salt from 67 deg. 
brine, for each ton of anthracite dust used as fuel, 
and 4,088 Ibs. from 96 deg. brine from the same 
fuel. Accepting these figures, the evaporating 
efficiencies work out, respectively, to 5-83 lbs. and 
6 Ibs. of water per Ib. of fuel. Chatard, whose work 
long remained a classic in the salt-making industry, 
concluded that 1 Ib. of coal evaporated 5-72 Ibs. of 
water in the direct heat open-pan process, and 
6-47 lbs. of water in the high-pressure grainer 
process. Presumably, the same kind of coal was used 
in the two conditions, but the statement is vague. 
A more elaborate analysis has been made by Wilcox 
(1907) on a Michigan plant, working under normal 
conditions, in a grainer equipped with submerged 
mechanical rakers as described, and heated by 
exhaust steam, that entered at an average tempera- 
ture of 216-6 deg. F., and had an average quality 
of 97 per cent. The grainer was of about the usual 
dimensions, containing 1,072 ft. of 3-5-in. pipe, 
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the ratio of the evaporating area to the heating 
surface being 1-34. The brine at 92-5 per cent. 
saturation was run into the grainer at a temperature 
of 71-6 deg. F., and the test was continuous for, 
192 hours. The main results of the run are valuable 
though they cannot be used comparatively. 

Results of Operating a Grainer in Michigan for 192 hours. 

Lbs. Lbs. 


per hour. 
Total production of hot salt... 110,950 or 577-8 
Total condensation of water 





through a drier (Fig. 7). The main feature of this | labour, mechanical skill of an advanced type is 
apparatus is a rotary cylinder provided with a | courted and encouraged, while the suggestions of 
steam-jacket, or such contrivance, to heat the salt | the chemical engineer are received with respect. 

to a high temperature while passing slowly through | In addition to the salt that is procured from 
the machine. An auxiliary steam coil may be | natural brines, or from the strongly-saturated arti- 
placed in front of the cylinder and a blower to force ficial brines that are formed by allowing superficial 
in hot air and at the same time to blow out impuri- | waters to dissolve the deep-seated salt and afterwards 
ties, such as gypsum. Great precautions are taken recovered by pumping and evaporation, a brisk 
to prevent the dust being disseminated throughout trade is done in some districts by mining rock salt 
the plant. The salt, after passing through the drier | in the solid state. The relative quantity and value 





from grainer pipes we 410,3680r 2,137 should not contain more than 0-1 per cent. of |of brine to rock salt is shown by the following 
Lbs. moisture. | figures :— 


Production of hot salt per sq. The next operation is to pass the dried salt| Production and Volue of Rock and Brine Salt in the 


ft. of grainer surface ° 72-7 ; ; ‘ 
; through screens to remove lumps and to assort the United States in 1915 :— 
ape pee om a_i a for the trade. Fi , subjoined, shows No, of Value 
ft. of eer, yoy eee e979 gra . g- 5, subjoined, Material. Short Tons. in % 
Production of hot salt per linear ft. the type of screen used. Oylindrical wire mesh Rock salt... ... 1,165,387 2,299,894 
P Ln it ~_ BOP st seretly tes 102°5 sereens, shaking screens, or bolters, are used to Brine salt ... —...._ 4,187,023 9,447,792 
of je ey aba . sic per ” ian deflect the grains of various size to appropriate It is thus seen that brine salt contributes about 
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Volume of Steam Condensed and Quantity of Hot Salt 
produced during Successive Periods of approximately 
Uniform Production, 

Total during Period. | #4te per Hour during ; 

Duration Tr te 

of Period) Hot Salt | Steam | Hot Salt | Steam ; 

in Hours.) Produced | Condensed Produced Condensed 

in Lbs. in Lbs. in Lbs. in Lbs. 

Qa e 26-320 — 2-924 

37 29-297 91-354 684 2-466 ° 
53 32-966 110-570 623 2-086 . 
17°5 11-783 39-296 673 2-245 ° 
34-5 20-896 69-286 605 2-008 ° 
4 2-468 7-504 617 | 1-898 ° 
24 10-640 45-452 443 1-477 | 8- 
13 6-900 24-040 531 | 1849 . 
* Production sufficient only to fill the “clearance” 

on the bottom of the Grainer. 


Wilcox concluded from these figures that the| Fic. 6a. Sanur Crysrats rrom Tripte-Errecr Fic. 6p. Saur Mane sy “ Graver” Proorss. § 
efficiency corresponds to the evaporation of 8-322} Vacuum Pay. Maanirication 18 DIAMETERS. MAGNIFICATION 18 DramErErs. 











Fie. 7. Rorary-Cytinper Drier ror Hicu-Grape Satr. Fie. 8. Sorgen ror Removine Sarr. 


lbs. of water by 1 Ib. of coal—a marked improvement | hoppers and bins. The salt may now be considered |78 per cent. and rock salt 22 per cent. to the total, 
on the older figures just quoted. | teady for use, though when a salt for table use is and that the cost of a ton of brine salt is greater 
We may now follow the salt produced by one of | required that should be moisture-proof, a small | than a ton of rock salt in the proportion of 2+26: 
the methods described above through the remaining |amount of some chemical of a non-hygroscopic | 1+97 dols. 
operations which fit it for use. Partial drying by | character, usually magnesium carbonate, is used to| New York State, Michigan and Kansas are the 
means of centrifugals removes much of the brine coat the grains. This account of the brine salt principal seats of the rock salt trade, and the opera- 
and bittern adhering to the crystals, as they leave | industry began with a quotation from Chatard; it tions are necessarily fairly similar in each State. 
the grainer or the vacuum pan. These arrangements | may be closed by a reference to the same authority. | In New York, the shaft of 1,000 ft. depth encounters 
are very effective, and further drying and milling | In 1888, he noticed that the machinery employed (a salt bed 8 ft. thick. The mining is carried out on 
operations are generally confined to the preparation ‘was of the simplest character, and afforded little | the pillar and room system. The pillars are 30 ft. 
of table and dairy salt. The salt crystals have the | opportunity for the introduction of labour-saving square, and the rooms are run about 30 ft. wide, 
form shown by the photographs reproduced in devices ; that the labour engaged was comparatively |rather more than half the salt being removed. 
Figs. 64 and 6B, annexed. The sample marked A was | unskilled, and that handling, transportation and | Drilling is carried on with 1}-in. auger drills, 
made in a vacuum pan; B, by the grainer process. | distribution of the product were effected in the | operated by 3}-h.p. electric motors, at the room 
In the latter method the salt assumes a loose, light, | cheapest manner. To-day success, commercial face. Great care is taken not to break into the roof, 
flaky texture, but by varying the temperature and | success, depends in a great measure upon taking | or to pick up the floor. The haulage is generally of 
the consequent rate of evaporation, the appearance | advantage of labour-saving devices. The salt is be simple character, and the salt is delivered at the 
and the granulation can be kept under control. In moved by hand as little as possible, self-acting | mill in lumps of a cubic foot and less. The product 
the vacuum-pan, a finer-grained granular salt | machinery is adopted wherever possible, and in | is dumped on grizzly or riddle bars made of cast 
results, and it is sometimes necessary for trade some of the grainer and vacuum plants, the salt is | steel, and arranged in tiers. The finer salt falls 
purposes to produce a salt possessing both charac- net touched by hand from the time it crystallises | through the grizzlies into a hopper, and most of the 
teristics. When the removal of moisture has to from the brine, till it is weighed and packed into | coarser part is crushed between large rolls, though 
be carried further than is possible in the parser pena cartons ready for the trade. The machinery | part may be carried by conveyors to be loaded on 
fuges and in storage bins, the salt is passed | grows increasingly complex, and in place of unskilled | cars for shipment. Besides these lumps, four market 
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sizes are recognised in the trade. These are illus- 
trated in Fig. 9, subjoined. 

It remains to inquire into the prospects of a 
profitable industry in bromides and calcium chlorate. 
The recovery of the former from natural brines is a 
systematised operation in some plants where the 
grainer process is used, but in ordinary times the 
treatment of the bittern for bye products can 
hardly be regarded as commercially successful, as 
it has to encounter severe competition from other 
sources of production independent of salt manu- 
facture. Before the war, the manufacturers had to 
store their product, being unable to find a market, 
but owing to the interruption of import from 
Germany, a drain on the home output has followed, 
and prices have become remunerative. So profitable 
for a while was the bromine industry, that some 
Michigan firms discontinued to make salt, and 
utilised their machinery to produce bromides, 
purchasing all the mother liquor procurable from 
factories that did not utilise it. 

Three methods are in use for the recovery of 
bromine, known as the periodic, the continuous, 





being only 60 per cent. Attempts, therefore, have 
been made of late to improve and to cheapen the 
process. Earthenware coils have been substituted 
for leaden pipes, and simpler methods have been 
devised for liberating bromine from bromide and 
bromate solutions. The continuous method is free 
from some of the disadvantages inherent in the older 
process, but involves the necessity of preparing 
chlorine, either by electrolysis, or by chemical 
processes for in this method, chlorine gas is the agent 
used to liberate the bromine. The brine is drawn off 
into shallow tanks, and on passing the chlorine 
through the waste, the bromine is set free according 
to the simple formula— 
M Bre + Cle = M Clp + Bro 
(M standing for any metal.) 

leaving the bromine mechanically held in solution. 
The liquid is allowed to drip from the tanks, and air 
currents are blown or sucked through the slowly- 
falling solution containing the suspended bromine. 
In this way, the bromine is brought into contact with 
some substance, as iron filings, by which a ferric 
bromide is formed. 





Fie. 9. Exampies or Coarsre-Gratin Rock Sart rrom Kansas. 


and the electrolytic. The first has been longest in 
use, and the general practice is to concentrate the 
strength of the refuse bittern by further evaporation, 
till the liquid has a strength of about 40 deg. B., 
when it is transferred to a bromine still, that is 
made of some material, usually a selected sandstone, 
capable of resisting both bromine and acid action. 
These stills are required to hold 400 gals. to 1,200 
gals. of liquid, and have to be carefully constructed. 
The concentrated bittern being placed in the still, 
and sodium chlorate and sulphuric acid added, a 
jet of steam is discharged into the solution to raise 
the temperature, and a reaction takes place which 
is approximately represented by the equation 

3 Mg Bro + .3 He S04 + Na ClO; = 6 Br + Na Cl + 

3 Mg SOq + 3 He O. 

The reaction, however, is more complex than the 
equation indicates, for some chlorine passes with 
the bromine gas. This impurity is removed by milk 
of lime, which forms with the chlorine, calcium 
chloride and calcium hypochlorite. The distilled 
bromine next passes through a condenser of leaden 
pipes, extending from the still to three glass collect- 
ing bottles in series, sealed to one another and to the 
worm. Any bromine that passes the last bottle 
will be very dilute, and is caught in towers, 7 ft. high, 
and 2 ft. in diameter, made of sewer pipe, and filled 
with coke. Any bromine that collects in them runs 
out at their base. About 1 lb. of bromine is obtained 


from 20 gals. of bittern, having a strength of 


40 deg. B. 

The periodic process is expensive. The apparatus 
is costly, the lead condenser requires to be constantly 
renewed, the volume and weight of the liquid 
handled is disproportionate to the amount of pro- 
duct, considerable heat is required for distillation, 
and the efficiency is low, the recovery of the bromine 
present in the original brine from the mother liquor 





The electrolytic process has hardly arrived at a 
practical stage, for Mr. Phalen has not seen the 
method in operation in the United States. The 
method depends on the principle ‘that bromides 
decompose at a lower voltage than chlorides, and 
hence are first reduced on the passage of an electric 
current. The maximum efficiency is given by a weak 
current of not more than four or five volts, but in 
any case some chlorine will always be produced, 
which, however, can be eliminated subsequently. 
This method is, apparently, much used in the 
treatment of the Stassfurt residus, and it is said 
that the resulting product has been largely employed 
in preparing the asphyxiating mixtures that have 
proved so deadly in the present war. 

After the bromine has been removed, the bittern 
generally goes to the calcium chloride plant. Where 
the bromine is not recovered, the bittern is usually 
concentrated to the strength of 45 deg. B., the 
volume then being about 8-5 that of the original 
brine, one-third of which is calcium chloride. This 
liquid goes to the storage tanks, and the suspended 
matter thrown down by milk of lime, leaving a clear 
supernatant liquid, which is run into kettles for 
final evaporation. The liquor is boiled till it has the 
consistency of a thick syrup. A plug is then drawn 
from the bottom of the kettle, and the thick liquid 
is run into metallic drums, in which it solidifies on 
cooling. It is then ready for market. 





Tue Finspone Works, SwepEN.—The well-known 
Finspong works, Sweden, are increasing their capital 
from 6,800,000 kr. to 10,400,000 kr. Half of the new 
shares are free shares to the shareholders, paid for out 
of the company’s earnings, the other half being issued 
in the ordinary manner. One of the reasons for the 
increase of capital is the planned erection of new plate 
works. 





METALLURGICAL ELECTRIC FURNACES. 
" (Conéluded from page 87.) 


InpUSTRIAL ELECTRIC FuRNACE METHODS. 

Though Mr. H. Etchells, B.Met., of Messrs. T. H. 
Watson and Co., Sheffield, had given his paper the 
general title, “Application of Electric-Furnace Methods 
to Industrial Processes,’ he excluded the production 
of aluminium, soda, zinc, tin and lead from his review, 
because the operations were not, he said, carried out 
at temperatures to produce furnace problems. One 
of the most successful pioneers in resistance furnaces, 
T. F. Baily, of Cleveland, Ohio, had now a number of 
his furnaces, up to 900 kw., in use for annealing steel, 
German silver, and other metals. His resistor material, 
of broken electrode carbon, granulated coke, &c., was, 
he said, disposed in an open trough encircling the 
hearth, and received current through graphite electrodes 
which penetrated through the furnace walls; the 
difficulty was that the material of the trough tended 
to fuse and run, particularly owing to ash accumula- 
tion; even carborundum, which gave the best pro- 
tection, became a conductor at high temperature. Yet 
the furnaces had recently been applied with success to 
the melting of brass, gunmetal, and low-melting non- 
ferrous alloys; the power consumption was stated to 
be 400 kw. hours per ton. of yellow brass on a 24-hours’ 
day. Resistors for temperatures above 1,100 deg. C., 
he continued, were being studied. From the central 
station view point, the resistance furnace had the 
advantage of being exactly controllable and not sub- 
ject to the numerous shut-downs of the arc furnace ; 
the load factor could be kept up to 80 per cent., and 
the maximum demand should not exceed full load by 
more than 10 per cent. Graphite and carborundum 
had, for many years, almost exclusively been American 
products of such furnaces, but Great Britain, Norway 
and France now entered into competition; it was 
interesting that one carborundum furnace of this 
country was of the are type. 

Almost all smelting furnaces verged on the border 
between resistance and arc-furnaces. Smelting furnaces 
for copper oxide ores and residues had a big develop- 
ment in America, electric iron smelting had been tackled 
by Héroult in Canada since 1907, and the Swedish 
“ Elektrometall ” furnace seemed to be an industrial suc- 
cess. These latter furnaces absorbed up to 7,000 h.p., 
the charge acted as resistor ; the regulation was obtained 
by raising and lowering the electrodes ; the power con- 
sumption was stated to be 2,235 kw. hours, and the 
charcoal consumption 0-40 ton per ton of pig. Such 
smelting furnaces were fairly localised to districts in 
which electric power was cheap and charcoal plentiful ; 
but there was a large scope for the electric smelting of 
iron sands and finely-divided ores with the aid of 
carbon in other forms than charcoal. Ferro-alloys and 
calcium carbide were made in furnaces provided with 
rammed carbon bottoms, often water-cooled, and their 
walls were built up of refractory material, this being 
either the actual raw material itself or magnesite ; the 
charge was tapped or allowed to solidify. The alloys were 
refined in furnaces of the steel-melting type ; if of high 
melting-point, they had to be chipped out. Alloy and 
carbide furnaces absorbed much energy, a 5 per cent. 
ferrochrome, e¢.g., required 7,000 kw. hours per ton. 
This industry had, therefore, developed in countries 
where hydro-electric power was available, and it 

ight be attracted to parts of Wales, Scotland and 
ickand. 

The greatest development had taken place in electric 
steel making. Intricate steel castings, gear wheels, &c., 
from the electric furnace, needed only touching up 
with the file, the steel, of 30 tons tensile strength, 
30 per cent. elongation, and 40 per cent. reduction of 
area, would bend double as cast, and required only 
reheating, not annealing. The relative merits of basic 
and acid steel for castings were still controversial. 
It was claimed that the electric furnace had fulfilled its 
function by clearing up the accumulations of stee! 
turnings alone, and that refining for sulphur and 
phosphorus was superfluous; but in Mr. Etchell’s 
opinion, only the best quality would command a 
profitable price after the war. Signal success had been 
attained particularly in complex high-speed tool steels ; 
Mr, Etchells showed a photograph of a 14 per cent. 
tungsten steel made in his furnace, drawing attention 
to the uniform fracture ; it was a piece knocked off a 
half-ton ingot from a 3-ton casting. Several Sheffield 
firms now dispensed with the crucible process, being 
convinced of the uniformity of the electric-furnace 
products. The United States were now working over 
200 electro-furnaces, and the production of electric 
steel in Germany was said to have risen from 90,000 
tons in 1914, to 225,000 tons in 1916, 

These alloys, the speaker said, were made in fur- 
naces of the contact arc type, the three favoured types 
being the Héroult, Elektrometall and the Greaves- 
Etchells, though there were other types with higher 
power factors and steadier regulation. Fig. 9, page 
111, illustrated the general arrangement of the current 
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supply on the three-phase system, to a 12 ton-Greaves- 
Etchells furnace. The primary windings of the trans- 
former were connected in delta, as shown on the 
extreme right of the diagram ; the secondary windings 
were -coupled in star. Each of two of the secondary 
windings was joined to one of the two furnace 
electrodes; the third secondary winding sent one 
branch to the hearth, and the other to earth. As 
it was impracticable to make the hearth resistance 
equal to the resistance of an electrode arc, the system 
was unbalanced ; by a system of special transformation 
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ratio and by special construction of the hearth branch 
winding he and his collaborators were, however, able 
to give a balanced load on the high-tension supply 
phases. The currents fed into the furnace through 
the electrode-arcs had to return by passing through 
the hearth, this being the path of least resistance; at 
working heat the hearth resistance was uniform, and 
it acted as a limiting check when the current increased 
unduly owing to the formation of a short circuit if the 
electrodes touched the fluid metal. Any current 
crossing from one electrode to the other, or through the 
furnace hearth, had to pass through two secondary 
windings in series; since each of these was excited by 





Primary windings of different phase relationship, the 
Secondary current was not in phase with either, and 
being out of phase, the power factor of that particular 
secondary circuit was materially lowered, so that any 
excess of current due to a short circuit on the electrode 
was again checked by the increasing reduction of the 
power factor. Provided the currents were normal, the 


lagging power factor of the one side of the system 


was balanced by the leading factor of the other; 
thus the overall power factor was good, being lowered 
only at the moment of a short circuit; this was the 











advantage of the Greaves-Etchells system over others, 
in which the overall power factor was low. Another 
advantage was that heat was generated in the furnace 
linings so that the steel was not chilled at the bottom, 
and a good circulation upward was maintained. 
Like Elektrometall they wocked with two independent 
arcs, and the regulation could therefore be entrusted 
to a boy (see Fig. 10). Mr. Etchells did not give 
further particulars of the furnace illustrated in Fig. 11. 

Electric furnaces, Mr. Etchells continued, still offered 
a number of interesting problems to the electrician. 
Regulation was uneven, and automatic regulation 
could not prevent lumps of steel scrap falling against 








an electrode short-circuiting, or suddenly dropping and 
breaking, the arc. But things were improving. He 
had just started a furnace on a 6,600 volt system ; 
one switch, set at 100 cent. overload, had come 
out once only during ihe cvaiiine heat, while the 
other, in series with it, set at 50 per cent. overload, 
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had come out several times. Unreasonable importance 
had been attached in the past to the power factor ; 
furnaces were now available which gave 85 per cent. to 
90 per cent. power factor during melting, and up to 
93 per cent. during refining, but it should be borne in 
mind that increased resistance, and consequently a lower 
oo factor, was often more necessary for creating the 
conditions for the supply network. 

Regulation, phase-balance and wave-distortion had 
not received the attention they deserved. Mr. Etchells 
exhibited in this connection some interesting Duddell 
oscillograph curves, taken with the aid of Mr. 8. Z. de 
Ferranti’s staff on different types of furnaces in 
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Sheffield, where supply was on 11,200 volts three-phase 
at 50 cycles. We reproduce some of these curves in dia- 
grams Figs. 12aton. Nearly all furnace installations 
were fitted with current transformers on the incoming 
high-tension phases (for operating the protective gear), 
and in taking these volt curves the secondary of 
these transformers was normally carrying'from 5 
amperes to 10 amperes. The curves (Figs. 12a to e) 
were obtained on a 30 cwt. Greaves-Etchells furnace of 
520 kilovoltamperes; in the first two diagrams the 
load was slowly fluctuating owing to frothing of the 
slag during the finishing stage; in Fig. c the furnace 
‘was. shut off ; in Figs. d and e a fresh charge of cold 
scrap was started, the load varying from 120 per cent. 
to 150 per cent. of the full load. Fig. 12 f illustrates 
the wave form obtained during the steady refining 
period from the current transformer of a 3000 kilovolt- 
ampere (10 tons) Elektrometall furnace of four 
electrodes ; the wave was distorted, and ripples were 
seen on it. Figs: 12g, h, i, & were taken from a 1,800 
kilovoltampere (6 ton) Héroult furnace; the load was 
fluctuating badly while cold metal was being melted. 
The remaining three curves illustrate other conditions, 
being low-tension waves taken, during the finishing 
stage, off the secondary of the bus-bar current trans- 
formers encircling the low-tension leads to the elec- 
trodes. Fig. 121 referred to the Greaves-Etchells 
furnace of Figs. 12a to n, the fully-loaded electrode 
bus bar carrying 3,500 amperes; Fig. 12 m concerned 
the Elektrometall furnace of Fig. f, the bus bar 
carrying 8,000 amperes; Fig. 12 nfinally referred to the 
Héroult furnace the bus bar carrying 1,8000 amperes. 
Mr. Etchells drew attention to the indication of a 
prolonged period of inertia, while the current’ was 
changing polarity in Fig. m, which would reflect on 
the’primary system, and to the curious waves of Figs. 
g, h, i, k, which he ascribed to the fact that the trans- 
former grouping of Héroult was particularly sus- 
ceptible to the setting up of circulating currents. 

Passing to general remarks Mr. Etchells considered 
that very appreciable losses might occur in getting 
power from the transformer into the furnace, not 
on account of eddy currents set up in surrounding in- 
ductive circuits, as was often suggested, but because 
of the skin resistance in the furnace leads; with cur- 
rents of 10,000 amperes at 70 volts or 80 volts these 
losses might assume serious proportions. The electrode 
losses also called for earnest attention. The con- 
tinuous-feeding carbon electrodes (pitch, coke, anthra- 
cite, &c.) were provided with jointing nipples, which 
for amorphous carbon should always made of 
graphite. For steel making graphite electrodes were, 
however, infinitely superior to amorphous carbon 
electrodes, because they could carry 100 amperes per 
sq. in., instead of 25 amperes per sq. in., an use 
they were lower in consumption anc more convenient 
in handling. Sealing glands for the electrodes on the 
roof and sides were another important feature, and 
their own flexible air-cooled electrode holders were 
preferable to rigid water-cooled holders. The refrac. 
tory materials remained the chief difficulty, however. 

In his contribution to the discussion, Mr. Donald 
F. Campbell, of Westminster, commented upon several 
important points, dealing first with the fallacy that 
cheap water power was essential for electro-metallurgy. 
The electro-steel furnaces of England were now pro- 
ducing 40 times the pre-war output; it was possible 
to do without the large imports of Swedish iron, and 
the approaching exhaustion of high-grade Cumberland 
ores might be looked upon with ee because 
the inferior ores of Cleveland and the Midlands could, 
in the electric furnace, be worked into a steel of t 
purity. That might give new life to the basic 
Bessemer process of Thomas and Gilchrist throughout 
the minette region of Lorraine, and the phosphoric 
ores of this country night further be utilised as 
fertilisers. But the currents of 10,000 amperes and 
even 20,000 amperes of the electric furnace involved 
complex problems. The actual efficiency of steel 
furnaces was probably within 5 per cent. or 10 per 
cent. of the maximum obtainable without some radical 
change in the application of heat, and the efficien 
of large-size furnaces was not substantially higher than 
that of small types. The maximum size would hardly 
rise much about 30 tons, and that size was only likely 
to be appied for refining liquid metal or for especially 
large ingots; some furnaces of that capacity were in 
use in the United States anda in Germany. For the 
melting of old scrap a 1,500 K.V.A. furnace was as 
efficient as any, and 17 out of 53 furnaces of a well- 
known make erected in this country in 1917, and 
60 out of 116 in an allied country, were of this capacity. 
The furnace size would mostly depend upon metal- 
lurgioal considerations and the product required, 
and these questions should have over elec- 
trical considerations or supposed economies. 

In deciding upon the suitable type of furnace the 
first points for consideration should be the nature, 
acid or basic, of the and whether 


there would be fast melting of small charges at frequent ' O: 


intervals, or a large charge every few hours. The 
small acid-lined furnace for castings and high- 
tool steel ha? not sufficiently been adopted, and the 
use of large basic furnaces for refining liquid basic steel 
had been neglected over here, whilst abroad 25 ton to 
30 ton furnaces were in regular operation. As regards 
power supply and costs, consumer and supplier were 
not in sufficiently close co-operation. The consumer 
was often inconsiderate as to maintaining a high 
load factor at a waster even load. The supplier 
was frequently unreasonable about small load fluctua- 
tions which would have no deleterious effect on a 
properly-protected and looped system with a reasonable 
wer margin. After the war, manufacturers would 
~~ to work on a reduced margin of profit, and one 
method of reducing the cost would be the regulation 
of large batteries of furnaces to work with a maximum 
demand far below the transformer capacities; proper 
co-operation would result in great economy. An 
automatic master regulator, controlling the resistance 
in the load-adjusting circuit of the individual furnace 
regulators, could be applied on the main cable entering 
the consumer’s works. Thus, if one consumer had 
10 furnaces, each of 2,000 K.V.A., the maximum load 
could be controlled so as not to exceed 15,000 K.V.A., 
instead of the 20,000. K.V.A. of transformers installed ; 
no appreciable loss should result, because the cycle 
of operations was such that the melting required 
full load and the refining and teeming on average less 
than half load. To facilitate the working of cranes, 
ladles and general shop traffic furnaces should be 
emptied consecutively at regular intervals. Thus 
the master regulator could be set to control the total 
load at 12,000, 15,000 or any other total load. 

With respect to the already-mentioned lack of 
water power in this country, Mr. Donald Campbell 
remarked that the actual cost of a kilowatt-hour 
of water power used on a steel furnace at a load 
factor of 45 per cent. was little smaller probably 
than that of our best coal-fired power stations. 
The manufacture of aluminium, ferro-alloys, carbide 
and nitrates gave a very high power factor and was 
consequently suitable for water power, but the average 
steel furnace did not exceed 40 per cent. The cost 
of water power was high in installation and low in 
running, steam power was low in first cost and high in 
running cost. The difficulties of transport and of 
obtaining skilled labour in the remote districts of 
available water power would ensure the —s of the 
electric steel industry in this country, and all power 
companies should prepare to supply power in bulk to 
meet the common need. Consumers, on the other 
hand, should consider regulation of their demands, 
not as regards nil fluctuations, which the power 
companies would soon neglect, but as regards maxi- 
mum demand over periods of 30 minutes or 40 minutes. 
The future development of the industry 
largely upon a broader point of view on the part of the 
power companies and a wider appreciation on the part 
of our chemists and metallurgists of the vast possi- 
bilities of intense heat in the neutral atmosphere of 
an electric furnace. Several new, essential industries 
had already been established on a substantial basis 
in this country during the last three years, with 
results surpassing expectations. 

The question of utilising electric furnaces after the 
war was, however, causing anxiety to some manu- 
facturers, as the large supplies of turnings from shell 
factories would no longer be available. But many 
electric furnaces could no doubt compete successfully 
with basic Siemens’ furnaces for miscellaneous scra 
collected throughout the country which could {be 
refined to replace imported Swedish steel. The prin- 
cipal competitors of those scrap-melting furnaces in 
the Midlands would be the furnaces refining liquid 
steel on the north-east coast. In any case, Scandi- 
navian imports would practically cease, the high-class 
steel industry would be self-supporting, the ferro-alloy 
works already firmly established would smelt tungsten 
and chrome ores from the country and the dominions, 
and the British Empire should be able to provide all 
qualities of steel essential for the industries of peace 
and war. 

We will only refer to one other point mentioned by 
Mr. Thomas Annis during the discussion. It concerned 
the refractory-material difficulty. In carbide furnaces 
the cold or resolidified charge forms a protection for 
the furnace wall. Ina similar way Mr. A. C. Higgins is 
said to use chilled alundum as a lining for the molten 
alundum in contact with the hot metal, a perforated 
water pipe on the top of the alundum shell keeping the 
outer layer of alundum cool. 





TRADING WITH THE Enemy Act.—The Controller of 
the Foreign Trade Department has issued a new list 
(No. 60) of additions to the Statutory List of firms of 
enemy nati ity or enemy association with whom 

in the United Kingdom are forbidden to trade. 
Copies of this list can be obtained at a trifling cost from 





the Su tendent of Publications, H.M. Stationery 
ffice, Imperial House, Kingsway, W.C. 


ded welding, &c. 





INDUSTRIAL NOTES. 


Tue labour disputes in munitions works, of which 
we gave a history on page 84 ante, are in process of 
being settled. Work was generally resumed at the 
various centres in the commencement of the present 
week, pending the findings of the Committee of fee i 
appointed by the Ministry of Munitions. We deal with 
the situation in a special article on page 120 of our 
present issue. 

The Committee of Inquiry consists of the following :— 

The Hon. Mr. Justice McCardie, chairman. 

Sir Stephenson Kent, K.C.B. (Ministry of Munitions). 

*Sir David Shackleton, K.C.B. (Ministry of Labour). 

Sir Robert Horne, K.B.E. (Admiralty). 

Sir Alan Smith, K.B.E.; Sir Herbert Rowell, 
K.B.E.; Mr. F. Dudley Docker, C.B.E. (Nominated 
by the Engineering Employers’ Advisory Committee of 
the Ministry of Munitions.) 

Mr. J. Kaylor, Amalgamated Society of Engineers ; 
Mr. G. Wilkinson, Amalgamated Society of General 
Toolmakers, Engineers and Machinists; Mr. W. F. 
Dawtry, Steam Engine Makers’ Society. (Nominated 
by Trade Union Advisory Committee of the Ministry 
of Munitions.) 

Mr. C. S. Hurst, secretary. 

It will be remembered that the terms of reference 
of the committee are :—(1) To investigate and report 
on the labour conditions which have rendered the 
embargo necessary, and to advise upon the adminis- 
tration of the scheme ; (2) to consider and report as to 
what further measures should be adopted, in view of 
those conditions, to maintain and where necessary 
increase the output of munitions; due regard being 
given to the public interest in the most effective and 
economical use of labour, money and material. 

All communications should be addressed to the 
secretary at 6, Whitehall Gardens, London, S.W. 1. 
The first meeting of the committee is to be held at that 
address to-day, at 3 p.m., in order to settle their 
method of procedure. 





The annual report for the year 1917 of the Chief 
Inspector of Factories and Workshops, recently issued 
by H.M. Stationery Office at the price of 3d. net, shows 
the progress which has been made in workshop practice 
under various aspects. We gather from it the following 
brief notes. 

The electrical inspector, Mr. Ram, reports that the 
use of electrical energy has enormously increased during 
the war, and it may be safely stated that the marvellous 
output attained by munitions works of all kinds would 
have been impossible but for the augmented supply 
of electrical energy in the manufacturing districts. 
The increase is not only for power purposes, but for 
other uses as in electro-chemical processes, steel making, 
A new feature, due to the shortage of 
male labour owing to the war, is the employment of 
women in electrical stations. In generating stations, 
women are employed as general cleaners, including the 
cleaning of standing machinery. Others of a better 
educated class are employed as assistants on the switch- 
boards, working under supervision. In a few sub- 
stations, they are employed on still more responsible 
work, being in sole charge of the operation of the plant, 
including the running of motor generators or rotary 
converters, with the accompanying switching and 
regulating duties. In general, however, the work of 
su tion attendants is, for obvious reasons, more 
suitable for men, and schemes are in operation for the 


P | training of disabled sailors and soldiers for this work. 


A number are, in fact, already so employed. This 
work ap to offer very suitable employment for 
such. men where their form of disablement permits, 
and ea up a useful field for their permanent occupa- 
tion, but of course for a very limited number. 





The tendency to reduce hours, which has been a 
growing feature since the early days of the war, 
continues, and cases where women and young persons 
are employed for hours in excess of the maximum 
weekly limits allowed by the ordinary provisions of the 
Factory Acts are now rare, says Mr. G. Bellhouse, 
H.M. Deputy-Chief Inspector. From visits paid to a 
number of works selected so as to give a fair sample of 
the munitions work in a Division, in which the total 
number of women and girls employed was approxi- 
mately 27,000, it was found that in only five cases 
did the hours actually worked exceed 60 per week ; 
in 32. cases they amounted to 60 ; in 62 cases they were 
between 55 and 60; in 51, between 50 and 55; in 20, 
between 45 and 50; and in 7 they were less than 45. 
Perhaps one of the most interesting features in this 
connection is the gradually increasing number of cases 
in which work before breakfast is being abandoned. 
Scotland may probably be regarded as the pioneer in 
this direction, in as long as seven years ago the great 


Paisley cotton thread firms adopted the 8 a.m. start. 
The results of the measure are that bad time-keeping 
in the morning has almost disappeared ; sickness among 
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the girls in the first hours of the morning has largely 
ceased; reduction in output is hardly noticeable ; 
and better work is secured and maintained. 

There has been no general development of the 
system of eight-hour shifts. 
this system, more especially those arising from scarcity 
of labour, still exist, and though they have been over- 
come in individual cases they have proved: generally a 
complete stumbling block to any wide adoption. 

If a broad aspect of the situation in regard to over- 
time be taken, there is no evidence of undue or excessive 
fatigue amongst women or young persons. Con- 
sidering the strain under which work has been carried 
on and the conditions, in some localities at all events, 
under which workers have been living, the scarcity of 
complaints from trade unions or individuals and the 
absence of signs of breakdown are most remarkable. 





In the annual report to which we refer, Miss 
Anderson, H.M. Principal Lady Inspector of Factories, 
says that expressions of surprise at the way women 
have risen to their new opportunities, so often heard 
by inspectors in 1915 and 1916, have yielded place 
widely in 1917 to quiet commendation of the way they 
have held to their work, labouring and unskilled as well 
as semi-skilled, and there is undoubtedly a growing 
sense of power and craft pride in the women as they 
acquire understanding and facility in the more skilled 
processes. In some cases of employment in highly 
skilled work requiring considerable training, women 
are found who have previously been engaged in teaching, 
technical or literary A skilled woman engaged in 
examining and measuring the bore of guns was found 
to have been formerly a lace teacher in Ireland; 
she was greatly interested in her present occupation 
and said it was “‘ lovely work.” One Scottish cement 
works is run almost entirely by women’s labour which 
has been very successful with the aid of mechanical 
appliances, the only men remaining being foremen, 
engineers and rotary kiln men. In Birmingham, 
women are increasingly employed in the tool room, 
and tool-setting, processes hitherto regarded as skilled 
men’s work. In glasswork, in scientific instrument 
making, women are being trained in lens and prism 
work and are frequently found in testing, smoothing 
and polishing processes, semi-skilled or skilled in which 
training may extend from a few months to several 
years. At a large steel works in South Yorkshire 
where the managers were of opinion in 1916 that 
women would be useless to them, there are now over 
300 employed to their satisfaction in light labouring 
and yard work, painting, labelling and crane-driving. 
In a Yorkshire factory the women have done so well 
as regards output in forging or nosing 4-5 shells that 
they have been put on to 60-pounder shell whose 
weight in the rough is 100 lb. At a blast furnace 
in course of erection the foreman in charge who had 
trained the women spoke exceedingly highly of them 
and said he would be willing to undertake any ferro- 
concrete work with women only. They have entirely 
made over 1,000 piles 31 ft. in length and will be 
making more. They are bending and preparing all the 
steel work, work the stone-crushing machines and the 
concrete mixer, stack the piles when made and discharge 
stone, iron, &c., from railway trucks. They all look 
splendidly well and said they never felt better in their 
lives. 


According to Mr. W. S. Smith, H.M. Inspector 
for Dangerous Trades, the manufacture of dope con- 
taining tetrachlorethane finally ceased in September, 
1916. During the period such dopes were in use, 
70 cases of toxic jaundice, including 12 deaths, came 
to the knowledge of the Factory Department, in 
addition to numerous cases of sus ion and trans- 
ference to other work for illness due to the same cause. 
After the introduction of the so-called “‘ non-poisonous,” 
or tetrachlorethane-free dopes, it became necessary to 
ascertain the effect of these upon the workers in dope 
rooms, and information was collected from a number 
of the medical officers who were periodically examining 
this class of workers. These reports confirmed the 
view of the Medical Inspectors of Factories that 
efficient exhaust ventilation must be maintained at the 
same high standard, even for the tetrachlorethane-free 
dopes. No change has been made in controlled 
factories as to the system of ventilation first recom- 
mended by the department for dope rooms. This may 
be briefly described as a low-velocity scavenge of the air 
contents of the dope room. In 1917, only 11 cases 
in which symptoms were attributed to dope were 
notified to the department from five works by the 
Factory Certifying Surgeons. All these occurred in 
factories where the ventilation was not up to the 
required standard. During this period, however, the 
number of firms engaged upon doping work haz increased 
over 300 per cent., whilst many of the dope rooms 
have been doubled and trebled in size; the workers 
in dope processes to-day may be counted by thousands 
instead of hundreds in 1916. 


Difficulties in regard to | p 





The annual report of the Chief Inspector of Factories 
and Workshops closes with a chapter on Trinitro- 
toluene Poisoning, by Dr. T. M. Legge, H.M. Medical 
Inspector of Factories, pointing out the satisfactory 

rogress which has been made in all operations con- 
nected with this explosive. 





A net gain of 1,481 in the number of women employed 
on the various divisions of the Pennsylvania 
Eastern Lines, was made during the month of June. 
This is shown by the daily reports of the division 
superintendents. On May 31 a total of 6,873 women 
were emplo in the divisional offices, while the 
report for June 30, which has just been compiled, 
shows 2 total of 8,354 female employees on all divisions. 
This total does a iedelgn the my ments in the 
general offices at Philadelphia and Pittsburgh, where 
al considerably more than 1,000 women are 
ing at the present time. The latest compilation 
for all ts of the Pennsylvania i > 
Eastern Lines, including the general offices, has been 
made as of June 1, 1918. It shows a total of 8,767 
women in the service on all divisions and in all depart- 
ments at that time. One year previously, on June 1, 
1917, there were only 1,945 women employed, or an 
increase in a year of 6,822. The earliest compilation 
ever made of the number of women at work in all 
departments was that of May 1, 1917, which showed 
1,494, making an increase in thirteen months of 7,273. 

Previous to the war, women were very rarely taken 
into the service of the Pennsylvania Railroad. In the 
majority of the departments none were employed at 
all. There were, for many years, a very limited 
number of women station agents and telegraph 
operators. A few women were also employed in such 
work as cleaning stations, cars and offices, and in the 
general offices a small number were employed in 
clerical positions, but the total of female employees 
never at any time exceeded more than a few hundred 
until war conditions arose. 

At present, women are working in 69 classified 
occupations on the Pennsylvania Railroad, and have 
invaded many lines of employment—some involving 
manual labour—which were form regarded as 
capable of being filled only by men. To-day 6 women 
are working, in various of the shops, on car repairs ; 
1 is employed as a “ caller,” her duties being to summon 
trainmen for their run ; 74 women are at work cleaning 
locomotives ; 1 is a crane operator; 4 are employed as 
locomotive despatchers; 29 are draughtswomen ; 
7 are draughting apprentices; 5 women are operatin 
steam hammers; 3 are gang leaders; 1 is a coa 
inspector; 595 are working as labourers; 37 are 
employed as machine hands; 234.are messengers and 
assistant messengers; 6 are mechanics’ helpers; 
2 are oilers; 29 are classed as shop hands; 15 are 
employed as power operators; 8 are leverwomen ; 
9 are drawbridge attendants ; 2 are switch attendants ; 
38 work as freight truckers; 1 is a trackwoman ; 2 are 
turntable operators; 8 are upholsterers; 2 are ware- 
house women; and 92 are employed as crossing- 
watchwomen. In addition there are 132 sigan: 
women and assistants; 16 bureau of information 
attendants; 24 parcel-room attendants; 258 store- 
room attendants; 611 car cleaners; 2 Pullman space 
distributors; 12 elevator operators; and 81] ticket 
sellers. In the lines of work more customarily followed 
by women, there are 105 “‘ janitresses”’ ; 679 telephone 
operators; 266 telegraph operators; 121 tel 
operator students; 15 cooks and 4,723 girls and 
women who are classified as clerks, stenographers and 
typists. 





We read in the Paris journal, L’ Industrie Electrique, 
that in metallurgical works in France there are now 
employed over 900 women where about 100 were 
employed before the war, equal to an increase of about 
800 per cent. In transport operations the increase 
is 450 per cent., in chemical industries it is 164 per 
cent., and in wood working 154 per cent. A large 
variety of mechanical appliances have been provided 
so as to guard the women against all strenuous 
exertions, 


At the half-yearly meeting of the Board of (on- 
ciliation and Arbitration for the Manufactured Iron 
and Steel Trade of the North of England, held at 
Newcastle last Monday, Mr. J. Reay, Stockton, 

residing, the financial statement sh a substantial 

in hand. Seven cases of dispute had been 
settled. The report also recorded advances in wages 
end bonuses amounting to 25 per cent. for time workers. 
The chairman, moving the adoption of the report, 
said that advances granted since the war commenced 
brought the total to 82} per cent. As to the next 


half-year, he believed there would be plenty of work 
for all, and the difficulty would be to find men to do 
it. The large majority of their men were working 


well and regularly. Mr. T. B. Pugh, vi 


- president, 
seconding the motion, said that their Board had 


demonstrated the possibility of settling disputes by 
conciliation and arbitration, and they trusted that 
the time was not far distant, not only in industrial 
concerns but in every other when similar means would 


be adopted. 


The half-yearly meeting of the Manchester Chamber 
of Commerce was held last Monday. Mr. R. B. 
Stoker, M.P., the president, who occupied the chair, 
stated that in connection with a system of registry 
which the Chamber had had in operation for some time 
well 8 the employment of disabled officers, the 

had been asked recently to extend their work 
in support of a more comprehensive scheme embracing 
both officers and men. He had received many letters 
from members of the Chamber in strong sympathy with 
the effort, but in some instances attention had been 
called to the gravely deteriorated character of the 
services of these men, and it was said that many of 





them seemed to be rather “‘ out for.a soft job.”” They 
must bring to bear on those cases a very t amount 
of sympathy and tact. A man who had experienced 


the horrors of modern warfare was from time to time 
haunted by the memory of his experiences, and in 
those phases the pent-up emotions excited by his 
Slo eppesied te ail him = made work impossible. 

© appealed to em employees to recognise 
that state of affairs cod make due allowance for it. 

Coming Government restrictions on the general use 
of coal and coal-gas had cast their shadows over the 
industries in which coal played an essential part. In 
addition to the shortage of man-power the heavy 
requirements of France, whose coalfields were in 
German hands, and of Italy had been decisive factors 
in increasing the stringency of the whole situation. 
Whatever might be the cause, however, it had been 
stated on the highest authority that absenteeism was 
indulged in to an alarming extent, being in some cases 
as much as 40 cent. of the men's time, and it was 
estimated by the Coal Controller that if only 10 cwt. 
extra per man per week were produced, an increase 
of 10,000,000 tons per annum would result. Surely 
bee J were entitled to appeal to the miners to put in good 
and conscientious work to support the men at the front. 





Corrosion or Brass Tunes ror ConpENsERs.— 
Two cases of condenser tubes of brass, which had badly 
been corroded by electrolysis, were examined by the 
Materialpriifungsamt, near Berlin, in 1916. The one 
brass originally contained the following percentages of 
metals: Copper, 70-5, zinc 28-8, lead 0-21, tin 0-28, 
iron 0-08; the corroded alloy contained : copper 97-4, 
zine 0-69, lead 0-06, tin 0-46, iron 0-08. In the other 
case the original a yielded the following per- 
centages : urs gel 59-2, zinc 40-37, no tin, iron 0-32, 
lead 0-24; the corroded alloy had the composition : 
copper 96-76, zinc 1-29, no tin, iron 0-10, lead 0-05. 
In both cases hence the corrosion had bleached out the 
zinc, and had also diminished the small percentage of 
lead, whilst there was little or no change in the iron. 
That the ordinary water of the supply main may give 
rise to considerable differences of electric potential. is 
shown by the water of Charlottenburg, a suburb of Berlin. 
In this water couples of zinc and brass acquire a potential 
difference of 0-888 volt ; in view of the actual wide uses 
of substitutes for metals and alloys, the Prussian Govern- 
ment has drawn attention to this danger of electrolysis, 





Tue Traps or Hone Kona.—In the course of a recent 


h| report, Mr. George E. Anderson, the United States 


Consul-General, points out that the war in Europe has 
been the chief factor in shaping the course of Hong 
Kong’s trade in 1917, says The nm and China 
Tel The high exchange value of. silver and the 
diminishing service of coastwise and oversea shipping, 
direct results of the war, have had much influence upon 
foreign trade; but on the whole the year was not a 
bad one for Hong Kong industries and commerce. Ship- 
building and sugar refining, which are among the 
principal industries of the colony, did very well. The 
shipyards worked to their full capacity, the only limita- 
tion being the difficulty of securing materials for certain 
purposes, The volume of business was far below normal, 
not only because of the shortage of shipping and high 
freight rates, but also because of closed markets to 
Chinese produce in Europe and because of high prices 
for foreign goods everywhere. Political troubles in 
China, the reduced buying power of the people, due to a 
failure to sell their own products at an advantage, and 
other elements combined to reduce the import trade. 
Nevertheless, most imports were made upon a rising 
market, and were therefore more than ordinarily profit- 
able, while exports of some lines of goods needed more 
or less directly for war purposes, and therefore demanded 
at almost any price, continued in = of every dis- 
advantage. e chief feature of trade in 1917 was the 
predominance of American imports and exports. The 
closing of many E n ports to Chinese produce 
by the war and the strong demand for raw products in 
the United States made heavy exports to the latter in 
certain lines inevitable. The restricted credits both in 
Hong Kong and in the interior of China and the cost 
of remittances emphasise the need of an adequate 
ere. pe for China. Until such a system is actually 
established, ordinary trade in this country can scarcely 





proceed upon reasonable, safe, or satisfactory lines. 
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SINCE attention was first directed to the development 
of concrete shipbuilding, British naval ‘architects and 
ferro-concrete engineers working in collaboration have 
made considerable progress in the practical application 
of the experience furnished by the construction and 


behaviour of pioneer vessels built at various times | 


within the past seventy or more years. 

Reinforced-concrete shipyards have already been 
established at various points on the East, South and 
West coasts of England and Wales, as well as in 
Scotland and Ireland. Altogether many large rein- 
forced-concrete vessels are now, or soon will be, under 
construction, representing hundreds of thousands of 
tons of shipping, and including cargo steamers of 
1,150 tons deadweight carrying capacity, steamships of 
750 h.p., and barges of 1,000 tons deadweight capacity. 

The vessels are built on bilge and keel blocks as in 
the case of steel ships, and the first operation in every 
case is the erection of framework and shuttering as 
illustrated by Fig. 1, where the timbering for four barges 
is to be seen in various stages of construction. A portion 
of the shuttering is shown at closer quarters in Fig. 3, 
page 118. 


It should be explained that only the outer shuttering, | 


or outer side of the mould, for the concrete face is 
completely erected in the first instance, the inner 
shuttering being built up progressively as the con- 


crete is deposited and tamped around the reinforce- | 


ment. 

Fig. 2 is a view taken in the interior of a barge show- 
ing the steel bars and links in process of being assembled 
ready for adjustment and /ixing securely in their 
positions, the transverse bars being those forming 
the main reinforcement of the beams extending from 
side to side of the vessel. 

A better idea of the construction is given by Fig. 4, 
page 118, where some of the reinforcement for the sides 
of the barge may be seen at the left hand. This view also 
shows the mould for the transverse frames which are 
carried along the bottom and up the sides of the vessel, 
and in the middle some men may be seen assembling 
the reinforcement of one of the bulkheads. 


In some yards the concrete is hoisted to the top of a | 


construction tower 90 ft. high, where it is tipped into a 
main shoot and distributed by gravity to various points 
in the barge by means of six branch shoots with a fall of 








1 in 3, being delivered upon platforms where the 
material is turned over by shovel before being deposited 
in the moulds. As the concrete is of fluid consistency 
this method of distrib ition is quite practicable and has 
given very satisfacto:y results. 
| Business men in England were not slow in taking up 
| this new idea in shipbuilding, for within a few weeks 
after the decision of the Government to commence rein- 
forced-concrete shipbuilding, between 70 and 80 slipways 
were laid down, and waste lands and barren stretches of 
foreshore are now busy hives of industry and at the 
present moment vessels of 1,000 tons deadweight 
capacity are nearing completion at numerous places 
in England, Scotland and Ireland. These vessels will 
| soon be following each other into the water in quick 
| succession, and will in turn be followed by others of 
| equal dimensions which will be completed with greater 
rapidity than the pioneer vessels, owing to the fact 
| that the timbering and shuttering are now available 
| for immediate use without the inevitable loss of time 
| which occurred in the preparation of the first sets. 








THE GERMAN IRON INDUSTRY. 

| A REPORT from the Rhenish-Westphalian iron district 
| states that all the works are being kept employed on 
heavy army requirements. Yet a change has occurred 
within the last few months, as far as several works are 
concerned, owing to the cessation of hostilities in the 
East, but the expectation that this would mean some 
material being rendered available for the general demand 
has so far not been realised. The official permit system 
is still in force as regards the iron works themselves, the 
trade, and the direct consumer. Negotiations, however, 
are proceeding which may result in a limited quantity of 
iron shortly being sold free, principally for building 
pu » 80 as to give an impetus to the private building 
industry which has been uced to a minimum cue 
the war. It will, at best, only be a question of small 
quantities ; unless, indeed, the capacity of the works is 
increased in the near future. The working of numerous 
concerns, on the other hand, has, until quite recently, 
been seriously impeded by reason of shortage of raw 
material, especially coal, and aamponey uction of 
output ; in some cases a complete closing down of plant 
has been the result, in consequence of which many works 
are cofisiderably behindhand with their deliveries. 
‘Owing to a more adequate supply of rolling-stock the 
coal supply, however, has quite recently shown some 








BUILDING OF REINFORCED-CONCRETE SHIPS. 





GENERAL ViEw or 1000-Ton Rernrorcep-ConorETE BarGEs IN Various Sraces or CONSTRUCTION. 


improvement. There are prospects of the works ere 
long receiving not only their current requirements, but 
also some coal for stock, so that their working may 
soon become normal. The present undelivered contracts 
appear to be considerable almost everywhere, more 
especially perhaps as regards rolled products, for which 
orders many months old are awaiting fulfilment. 

There is, further, the question of the revision of prices. 
The works point out, that the maximum prices for 
by-products have not been raised since July 1, 1917, 
so that they no longer correspond with the materially 
increased cost of production. The authorities seem 
disposed to meet the demand for higher prices, as far 
as certain products are concerned, but their decision 
will, to some extent, depend upon the quotations for coal 
and coke. On the whole, however, there seems no 
doubt that the peak has been reached as regards 
prices on the iron market, and that the militar) 
authorities will only grant a further rise, where special 
conditions justify it. 

During the last few weeks the works of the Steel 
Union have again been considering the question of 
the prolongation or renewal of the Union. The tem- 
porary arrangement expires at the end of the present 
year, and it is no doubt owing to “‘ pressure from above ”’ 
that the matter has now been taken up, on the basis 
of a limitation of the allotments compared with. the 
production of raw steel before the war. An increase in 
production during the war owing to new extensions of the 
works is not to be considered. The question of a pro- 
longation of the Union in its present form, the question 
of the by-products remaining still unsolved, appears 
to be still in suspense. The representatives of the 
different works have certainly expressed their usual 
readiness to assist at arriving at a solution of this 
problem, but they have at the same time put forward so 
many separate conditions and desires, that the different 
committees will have all their work cut out to put all 
the various requirements in an acceptable form. Most 
experts appear to hold the view that the restoration of 
peace and the first few months of the reconstruction 
period must have been gone through, before the question 
of the unions within the iron industry can be definitely 
disposed of. In the meantime, provisional arrangements 
will have to be resorted to. 

With regard to the present position of the iron industry, 
it may be noted that the production of iron ore has 
somewhat increased compared with the last few pre- 
ceding months. Sales for the second half year, therefore, 
are likely to be on the basis of present prices ; the stocks 
available are limited...The production - of pig-iron, 
especially high grade, is on the whole being maintained 
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THE BUILDING 





Fig. 2. 


at 60 per cent.Cof the normal, the blast furnaces having 
been favoured as{regards the supply of fuel. Contracts 
are still made from month to month. Within the 
Steel Union some modifications have taken place in the 
production. The works have in hand from the militar 
authorities considerable orders for railway spetasial 
which have to be dealt with as urgent war requirements 
and take precedence over the Union’s other contracts. 
As a result, there is again a scarcity of half-finished 
products, which is all the more inconvenient for the 
rolling mills proper, as there is hardly any free material 
coming forward on account of the high consumption of 
the steel works themselves. The same may be said to 
apply to shaped iron. By-products continue to be in 
strong demand, and for wire and the thinner classes of 
plates the works have orders which will tax their full 
capacity for seven to eight months, at least. The terms 
for specifications have, consequently, become more 
stringent ; some works are entirely unable to accept 
fresh orders. 

The works making structural products have recently 
experienced some falling-off in their business, since 
permits for works extensions and new buildings are only 
granted in the most urgent cases; but there is much 
activity in bridge and wagon construction. Both the 
foundries and the metal works exclusively working for 
the army are fully employed, the latter are full up with 
orders for many months to come. The position within 
the small iron industry of West Germany is favourable, 
and the anticipated greater activity in the building 
industry will bring increased activity, all stocks in 
this industry being completely exhausted. 

The export business to foreign neutral countries would, 
no doubt be materially larger, were it not a question 
of first satisfying the strong home demand. Still, fair 
quantities are available for that purpose, and there are 
negotiations pending with several neutral countries 
concerning fresh agreements, which negotiations also 
cover the question of a rise in the export prices. 





PrersonaL.—The Brightside Foundry and Engineering 
Company, Limited, Wicker Iron Works, Sheffield, 
inform us that Mr. Frank Biggin, who has been associated 
with them for thirty-six years, has been appointed a 
director of the company. 





(For Description, see opposite Page.) 
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NORWEGIAN STATE AID TO IRON AND 
STEEL WORKS AND ROLLING MILLS. 


THE war has taught most countries how desirable it 
is to render themselves as independent as possible of 
foreign supplies, and in Norway the question has been 
taken up in earnest. It has several times been urged 
that the Norwegian State ought to aid in this respect, 
and a report recently completed by the Industrial 
Supply Department favours this view. The report says 
that the State can hardly avoid giving a helping hand 
in some form or other, if the plan of constructing iron and 
steel works and rolling mills on a large scale is to be 
realised. 

A premium on production for a certain number of 
years is the system which in the first instance commends 
itself to attention. This premium should presumably 
be somewhat higher for concerns based upon the ex- 
ploitation of ore than for those which use scrap iron. 
If the premium to the former is put at 8 kroner per ton 
of rolled iron and steel, it ought not to be more than 
6 kroner for the latter. Further, rolled products of 
particularly thin dimensions should be entitled to a higher 
premium. 

Direct State subsidies outside the above-mentioned 
premiums, or a guarantee for a certain percentage on the 
undertaking, cannot be recommended unless in 
exceptional cases; such, for instance, as special pro- 
ductions of particular importance to the country from 
a military point of view, and which are not likely to be 
taken up unless State aid is forthcoming. Guarantee 
for loans should only be granted on the express con- 
dition that the borrowing concern can offer such 
security that the guarantee does not involve the State 
in risk. 

On the basis of the principles set forth above, the 
department po the following State aids: To the 
Christiania Steel Works, 6 kr. (6s. 8d.) per ton of sheets, 
and a State guarantee for a loan of 6,500,000 kroner; to 
the Norwegian Rolling Mills Company, 15 kroner per ton 
of sheets up to 1 mm. in thickness ; and to the projected 
works at Sandviken and Narvik, when started, 8 kroner 
per ton of steel products when the production is based 
upon iron ore in connection with pig-iron production. 
As a general rule, the production premium would only 
be paid on products consumed within the country, and 


OF REINFORCED-CONCRETE SHIPS. 


FOR ADJUSTMENT. 


subject to the dividend on the shares in the companies 
being limited to an average of 1 per cent. above the 
discount, writings-off having been provided for according 
to official regulations, the average dividend being taken 
for a period of five consecutive years. 

In connection with the above a few particulars on the 
Norwegian Rolling Mills Company’s new works, which 
are now approaching completion, may be of interest. 
The works are situated at Simonsvik, near Bergen, and 
comprise six large continuoys shops which constitute the 
largest covered area in Norway. The plant consists of 
about 40 electric motors, having a capacity up to 500h.p.; 
the current pressure is 7,200 volts. A commodious 
harbour is connected with the works, deep enough for 
steamers of several thousand tons. There are excellent 
modern residences for staff and workmen, The pro- 
duction is calculated to reach 18,000 tons annually at 
first, principally intended for the canning industry, but 
it will also comprise heavier sheets, both black, tinned 
and galvanised. The import to Norway of tinned and 
galvanised sheets has increased considerably of late 
years, being 8,000 tons in 1908, 32,000 tons in 1912 and 
41,000 tons in 1915, but has again receded on account 
of the war. The company was formed in 1916, with a 
capital of 2,000,000 kroner, which has since been increased 
to 3,000,000 kroner, fully paid-up, and all the shares have 
to be held by Norwegian citizens. 





Non-Ferrovus Metat Inpustry Act, 1918.—The 
Board of Trade give notice that they have extended 
the time within which the business of winning, extracting, 
smelting, dressing, refining or dealing by way of whole- 
sale trade in metals or metallic ores to which the above 
Act applies may be carried on as respects those individual 
firms or companies whose application for a licence is 
received by the Board before August 6, but to whom the 
result of their application has not been communicated 
by that date, until each time as they are informed of the 
decision of the Board. The extension of time is granted 
only because so many applications have been recently 
received that it is impossible to deal with all cases by 
August 5. In nocase will any application for a licence be 
entertained which is not received by the Board on or 








before August 5. 
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STRESS IN GIRDER SECTIONS. 
To tHe Epiror or ENGINEERING. 

Sir,—Referring to the review on the new book, 
“Graphics and Structural ,” by H. D. Hess, in 
ENGINEERING, dated May 11, 1917, the following 
interesting comment is given: ‘“‘In estimating the 
moment of inertia in girder sections the author adopts 
the usual procedure in ring ‘I’ for the net section, 
holes being deducted. is involved in this method 
a fundamental, though not serious, error. That which 
determines stress in such a section, at the holes, is rather 
the stress co dent to the moment of inertia of 
the contiguous unholed section of the girder, which stress 
is amplified by loss of section at the holes. The stress so 


— may be materially different from that ascer- 
tained by the method usually ad In the case 
considered, the difference is small a safe di 


though in other cases the error may be material and give 
an exaggerated value.” The method —— by 
Mr. Hess of deducting the moment of inertia of the 
holes is in common use among structural engineers, and 
I shall be pleased if the writer of the above review, or 
other interested reader, will give an opinion regarding the 
method to be used in calculating the stress in compound 
girder sections built of joists and plates. If the moment 
of inertia of the unholed section is calculated and the 
rivets in the compression flange assumed to fill the holes, 
as is usual in oo ay members, how is the stress at 
the rivet holes and in the bottom plates computed ? 
Yours faithfully, 
A. Dickson. 
37, Isabella-street, Old Trafford, Manchester, 
July 22, 1918. 





The treatment of such a section as Mr. Dickson indi- 
cates would, with respect to the outer plates of the 
bottom flange, be first the determination of stress for 
the unholed section, which result would be multiplied 
by the gross width over the net width. 

Stress at the outer fibres of the joist flange should be 
tested on the same principle, as the relation of gross to 
net width may there be less favourable. 

The method advanced is based on the assumption that 
there is a simple increment of stress at the holes in the 
tension flange, due to reduced section—known not to be 
strictly true—but conformable to common practice in 
dealing with holed sections of other tension members of 
ductile material. oe ae 

Tae Writer or THe Review. 





“COAL SAVING BY SCIENTIFIC CONTROL 
OF STEAM BOILER PLANTS.” 
To tHe Eprror or ENGINEERING. 

Srr,—The articles under the above heading which 
appeared in your issues dated July 12 and 19 give an 
interesting analysis and tables of results in connection 
with boiler efficiency, but the author appears to have 
overlooked or at least not given dué prominence to the 
point of rate of evaporation with regard to heating 
surface. 

If the author has the necessary data available as to the 
extent of heating surface in the various boilers under the 
several classifications of res would be interest- 
ing by bririging into prominence the effect of rate of 
evaporation expressed as pounds of water evaporated 
from and at 212 deg. per hour per square foot of heatin 
surface on the boiler efficiency exp as pounds of 
water evaporated from and at 212 deg. per pound of 
fuel as distinct from the rate of combustion expressed 
in pounds of fuel per hour per square foot of grate 
surface. 

Yours faithfully, 

Glasgow, July 26, 1918. } w. 





To THe Eprror or ENGINEERING. 

Sir,—The article by Mr. Brownlie under the above 
heading, published in your issues of July 12 and 19, 
would seem to call for som® words of criticism, since, 
although the article certainly contains some interesting 
facts, the method of their presentation is unsatisfactory 
and may easily lead to considerable misconception. 

It is a pity that the author, when he was urging the 
need for more scientific control of boiler plants, did 
not adopt a more scientific method of tabulating the 
statistics on which he bases his argument. To take the 
figures of 250 tests of boiler plants, varying in size from 
one small vertical boiler +o thirty-five 30-ft. by 8-ft. 
Lancashires, add these figures, divide the sum by 250, 
and give the quotient as the average working conditions 
of British boilers is a procedure which will by no means 
appeal to anyone having the least knowledge of statistical 
science. Such a crude “average figure’? does not 
correspond to any real quantity whatever, and is, in fact, 
no more than the result of an arithmetical operation 
which cannot be used correctly as the foundation of 
further argument. It is stated, for instance, that the 
average calorific value of the fuel used is 11,822 British 
thermal units per pound, Thi: figure may be a close 
approximation to the true average, but, as equal weight 
is given to the very small and the very large plants, there 
is no guarantee whatever that it really is so, The same 
remark applies to many other figures in the table of the 
“average '’ working day’s test; for instance, the 
temperatures of feed water and of steam (saturated and 
superheated), steam pressure, and the thermal efficiency 
(total and subdivided). With regard to the latter, the 
figures given in the table for economisers and super- 
heaters are quite misleading, the so-called average being 
got on the whole 250 plants, whereas (as stated in the 
second part of the article), 95 plants had no economisers 
and 170 plants had no superheaters, only 25. ts being 
completely equipped with superheaters. © result in 


the table is the statement that the superheater adds 
(on the average) only 16 deg. F. to the steam temperature | 
and 0-51 per cent. to the thermal efficiency. Fi | 
like this are useless as a guide in deciding on the value of 
superheaters in a boiler plant, and it is not easy to see | 
that they serve any other - 

With regard to the author’s comments on the use of 
mechanical firing, it may be remarked that an increase 
in efficiency from 57°8 per cent. to 61-4 per cent. 

ds to a saving of 5-86 per cent. in fuel, which 
is well worth saving. Also, it is not sufficient merely to 
compare thermal efficiencies obtained with hand and 
with mechanical firing; other factors must be taken 
into account. For instance, it is quite common, when 
mechanical! stokers are installed, to replace a high and 
expensive grade of fuel by a lower grade, sometimes even 
using what may be classed as “‘ refuse fuel.”” Such a 
may E ing a very large we | in cost, but it 

ten: 


¥ to reduce the thermal efficiency of the 
plant. most cases, mechanical firing with an efficient 
self-cleaning furnace, is essential for the use of the low- 


grade fuel, use hand firing on a stationary furnace 
cannot burn it in sufficient quantity to produce the steam 
required from the boiler, nor can this system of firing 
deal with the clinker residue. 

In the table on page 56 (July 19) giving results classified 
according to different industries, it is stated that in 22 
explosives factories the average weight of coal burnt per 
boiler per hour is 2201b. This figure is certainly wrong ; 
it is less than one-third of the next lowest (661 ib.) which 
— to lace mills. 

veral other ! gyms in this article lend themselves also 
to criticism, and it may be said, to sum up, that, while 
no objection need be taken to the author’s statement 
that boiler efficiency in this country is r and should 
be improved, yet he gives no sound basis for judgment 
concerning either the extent of the improvement obtain- 
able, or as to the lines along which it should be sought. 

Yours faithfully, 


G. A. Rosserttt. 
Bolton, July 31, 1918. 





To THe Epiror oF ENGINEERING. 

Sir,—In reply to the letter of your eg ag 
Mr. Edward é. Barton, in the issue of July 26, 1918, 
Ih to be able to write before | @ series of short 
articles, each article to consider in detail some i 

ints in connection with the original article ‘‘ Coal 

ving by the Scientific Control of Steam Boiler Plants.” 
One of these articles will deal at length with the per- 
Sguenes of the economiser plant of 155 separate boiler 
ts. 
f With regard to the question of draught, this was taken 
at the foot of the chimney by inserting a }-in. pipe into 
the chimney at right angles, so that one end of the pipe 
reached the centre of the inside of the chimney, whilst 
the other end was connected to an ordinary water gauge. 
In the case of induced draught, the pipe was inserted 
in the centre of the suction of the fan. 
Yours faithfully, 
(For Brown tie AND GREEN, LimITED), 
D. BrownuEg, Director. 
Laboratories and Testing Station, Church-street, 
Cheetham, Manchester, July 30, 1918. 





A SIMPLIFIED COSINE FORMULA. 
To THE Eprror or ENGINEERING. 
Srr,—It is well known that any angle of a triangle can 
be calculated from the formula 


2bccosa = b2 + c2 — at, 


where a, b and ¢ are the lengths of the sides, and a is the 
angle opposite the side whose length is a. But this 
formula is troublesome to apply, unless a, 6 and c happen 
to be very easy numbers; and I have seen several 
methods of turning it into a more convenient shape. 
None of these, however, is so simple as the one I have 
recently arrived at, which will doubtless be found useful 
by some of your readers. 

Noting that the second member of the above equation 
will become the difference of two squares if we add 2 b c, 
we can write 


2bc(1l + cosa) = (b + c)? — a2 
= (6+¢+9)(6+c—a) 
= p (p — 24) 
where p is the perimeter of the triangle. 
the very convenient formula, 
1.4 cosa = p(p — 2a)/2be, 
which is easily remembered or re-derived from the well- 
known but inconvenient one. The necessity for subtract- 
ing 1 after finishing the slide rule or logarithms work 
1 not cause any difficulty ; for if we temporarily forget 
this, we shall at once be reminded of it, by the obvious 
fact that the result so far arrived at is not the cosine we 
require; and the matter can then be put right in a 


moment. 
Yours tfully, 
W. F. Duwron. 
165, Tamworth-road, Newcastle-on-Tyne. 


This gives us 





ENGINEERING AND EDUCATION. 


To tHe Eprror or ENGINEERING. 


Sir,—I write to express my appreciation of the broad 
principles established by you in your article on the above 
subject, in your issue of the 19th inst. ; principles which 


are well consistent with the traditions of your journal. 
The ion with regard to officers returning from 
rticularly welcome. men will 
alwa: t of their students, a factor 


the war is 





which is essential to real education. 


education authorities through the medium of your 
advertisement columns. 

ies offered by these for the qualifications 
required, namely, full technical training, works ex- 
perience and teaching experience, would render offers 
of posts as technical teachers to returning officers quite 
the opposite to rewards “for services rendered.” 

The supply of properly qualified men would be assured 
only if the emoluments were made sufficiently attrac- 
tive. This will necessarily involve a temporary sacrifice 
of technical men on the part of present engineering 


a 
case has recently come under my notice of an 
elementary teacher receivi 1301. per annum before 
the war, who, being invalided from the Army, has since 
received 6. to 7l. per week as a progress clerk, although 
without previous experience of engineering works. 
Such men as he are continually being lost to the pro- 
fession ; more so, too, in the higher ranks of technical 
work, 
I am, Sir, yours truly, 
8. J Davies, Wh.Ex., A.M.I.Mech.E. 
21, Copthorne-road, Wolverhampton, July 26, 1918. 





GERMAN WAR PROFITS. 

THe report of Felten and Guilleaume, Carlswerk, 
Cologne, Milheim, states that all departments had been 
fully employed, and that the increased turnover had 
won & up for the less remunerative prices. The affiliated 
concerns and the shares held by the company had also 
yielded correspondingly satisfactory its. The divi- 
dend for last year was fixed at 15 per cent., against 
12 per cent. for the previous year and 8 per cent. for the 
last two peace years. The net profits amounted to 
9,983,942 marks, against 7,895,215 marks for 1916 and 
5,176,443 marks and 6,031,788 marks respectively for 
1912 and 1913. The writings-off for last year amounted 
to 4,875,542 marks, against 1,726,166 marks for 1913. 
For war aid 2,327,733 marks were reserved out of last 

ear’s profits. Owing to the share capital of the Steinfor 
Toon and Steel Works having been raised, the company’s 
contribution to this concern had been correspondingly 
ine In order to secure the adequate supply of 
fuel the company had secured shares in the Oldenburg 
Peat Company, Romsloh, and in the Liblar lignite mines 


ial | and briquette factory. In order to ensure a supply of 


articles of food to their employees the company had 
opened up connections with agricultural concerns. 
Apart from land, buildings and war installations, all other 
costs had been completely written off, whilst machines, 
&c., in the last balance-sheet still figured for a sum of 
2,350,000 marks. The holdings of stocks, war loan, &c., 
had risen from 33,320,000 marks to 39,250,000 marks. 
The share capital was 60,000,000 marks and the reserve 
fund remained unaltered at 6,000,000 marks. 

The firm of Orenstein and Koppel—Arthur Koppel— 
earned last year gross profits of 21,913,070 marks, about 
the same as the previous year, whilst the revenue from 
affiliated companies rose from 1,315,117 marks in 1916 
to 2,178,181 marks for last year. On the other hand, 
expenses rose from 12,180,970 marks to 16,216,879 marks, 
but this was somewhat counterbalanced by writings-off 
being reduced from 4,867,002 marks in 1916 to 1,344,278 
marks in 1917. The surplus, including a sum carried 
forward, amounted to 9,569,907 marks, and the dividend 
was fixed at 14 per cent., against 12 per cent. for the 
previous year. e turnover, including that of the 
affiliated com’ ies, but exclusive of the branches in 
hostile countries and such neutral countries with which 
the mail service is interrupted, amounted to 120,483,329 
marks, against 92,540,906 marks in 1916. The company 
had orders in hand which would keep it fully employed 
to the end of the year. 

The shares of the Hamburg-South America line have 
recently experienced a substantial rise, the company 
having: sold a 9,000-ton steamer in Argentina, it is under- 
stood to the Argentine Government. The price was 
12,000,000 marks, and negotiations are stated to be 
pending for the sale of other of the company’s boats laid 
up in Argentine ports. 





FEEDWATER PREHEATERS ON RatLway ENGINES.— 
A series of experiments with preheaters and pumps 
for the feed water of locomotive boilers are descri by 
Dr. L. Schneider, of the Maffei Locomotive Works, 
Munich, in the Zeitschrift des Vereines Deutscher 
Ingenieure for May 11 and 18, 1918. Experimental 
runs were made on a railway section 62 km. (40 miles) in 
length, partly inclined. Three feed-water preheaters of 
different constructions and two piston pumps were 
installed on the engines and tried, and from the experience 
gained an improved fourth type of preheater was designed 
which gave good results. It is pointed out that the 
water flow through the preheater should be rapid, and 
that the exhaust steam introduced into it should be of 
high pressure. 





WotrramM DISCOVERY IN QUEENSLAND.—The Queens- 
land Department of Mines has received a report from 
the Acting Warden at Port Douglas on the recent 
discovery of a lode of wolfram in the district. The 
country where the mineral has been discovered is un- 
surveyed and hitherto unprospected, comprising dense 
tropical scrub on the eastern slope of the main coastal 
range at the head waters of the Tittle Mossman River. 
There is no access to the country except by tracks cut 
by p’ tors. The distance is estimated at 12 miles 
from Mossman, 24 miles by road from Port Douglas, 
and 12 miles south of Mount Molloy. The warden 
states that he has obtained specimens, and has sent them 
to Brisbane for assay. ‘The original prospectors are very 





In contrast to your views was that expressed by 


PRN a” 


optimistic, and estimate that there are at least 3 square 
miles of metalliferous country in the locality. 
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NOTES FROM THE NORTH. 
Guiaseow, Wednesday. 

Scotch Steel Trade.—W ork is once more in full swing, 
although, as is usual after the Fair Holidays, it took 
some of the men a few days to make up their minds fora 
restart. Now, however, all are working as briskly as 
ever, with no other thought than the pe a of 
output. There is little doubt but that this should be 
a comparatively easy matter, owing to the very eon- 
siderable amount of repair work nw through during the 
time the men were on holiday. The strain on plant and 
machinery, since the last repairs were executed at the 
New Year holidays, has been severe in the extreme, so that 
the necessity of a complete overhaul was too obvious 
to be under-estimated. Orders, chiefly on Government 
account, have simply flowed in, so that, with augmented 
facilities of production, steel manufacturers are able 
to guarantee constant employment to their staffs, and 
as speedy a delivery as possible to their customers. 
Munitions of every description are still in such active 
demand that little material is available for any other 
purpose. Were better deliveries of raw material possible 
a considerable development of output might be assured. 


Malleable Iron Trade.—In the malleable iron trade 
conditions of extreme activity again prevail, and with all 
machinery running smoothly after its much-needed over- 
haul and repair, a greatly increased output is being 
looked for in the immediate future. Supplies of raw 
material are still rather uncertain through lack of 
adequate shipping facilities, but recent developments 
which have taken place seem to point to a solution of this 
difficulty. Export is practically out of the count 
meantime. 


Scotch Pig-Iron Trade.—The incessant demand for 
pig-iron of all grades, notably for hematite for the steel 
works, continues to be a dominating feature, and every 
effort is being made to maintain the production at the 
required level. Work of national importance is con- 
stantly on the increase, hence the uncertainty of meeting 
all the requirements in a satisfactory manner owing to 
scarcity of raw material and depletion of staffs. Time, 
however, may rectify these deficiencies. Export is 
confined to some small shipments for the use of the Allies, 
and prices, excepting where officially controlled, remain 
strong. 


Tronfitters’ Increase of Pay.—The General Ironfitters’ 
Association for Scotland recently made an application for 
an advance of 100 per cent. on pre-war wages, and the 
decision arrived at oy the Committee on Production has 
just been intimated. While the advance granted is not 
as much as that demanded by the Falkirk men, it brings 
up the increase on pre-war wages to 75 per cent. Men 
of 18 years and over are to receive 3s. 6d. per week extra, 
and lads under 18, ls. 9d., this flat rate applying whether 
on time, —_ work, premium, bonus, &c.; while a 
corresponding increase will be allowed for overtime, 
Sunday work or holidays. The advance will take effect 
as from the pay day of the week ending August 10. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—So far, the expected recrudescence 
of activity has not materialised. In isolated depart- 
ments great difficulty is being experienced ih keeping 
abreast of orders, but generally speaking, conditions are 
decidedly easy. There is a marked slackness at the 
crucible steel furnaces, employment having fallen to a 
very low level. There has also been a considerable 
decline in the calls for high-speed steel, and for tool 
steel, too, the requirements are only such that they 
can be very easily met. Unfortunately, operations have 
not yet been resumed in the iron foundries, the moulders 
having now been out on strike for a fortnight. 


South Yorkshire Coal Trade.—The state of the coal 
trade doesnot vary. The whole of the output is absorbed 
by contract account, arid in sections of the market 
there is a demand out of all proportion to the supply. 
The request for best steam ha remains @ gly 
strong, the export requirements showing a tendency to 
increase. Cobbles, nuts and slacks are still very difficult 
to obtain, and there is no improvement in the house- 
hold section. Cokes ay maximum figures. 
Quotations :—Best branch dpicked, 27s. to 28s. ; 
Barnsley best Silkstone, 27s. to 27s. 6d.; Derbyshire 
best brights, 25s. to 26s.; Derbyshire house coal, 
22s. to 238, 6d.; best large nuts, 228. 6d. to 23s. 6d. ; 
small nuts, 21s, to 22s. 6d.; Yorkshire hards, 228. 6d. 
to 23s. 6d.; Derbyshire hards, 21s. 9d. to 22s, 9d. ; 
best slacks, 18s. to 19s. 6d.; seconds, 16s. to 18s. ; 
smalls, 13s, to 14s. , 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrIpDLesBRoUGH, Wednesday. 

The Cleveland Iron Trade.—An unfortunate restrictive 
influence is imposed on the Cleveland iron trade by the 
shortage of labour and fuel. Deliveries of iron against 
current contracts are impeded by lack of men, as it is 
impossible to load anything like all the iron in hand, 
onl the acute situation as rds coke has resulted in 
some blast-furnaces having to be put on slack 
blast. Thusin both volumeand quality make is reduced. 
August allocations of Cleveland f iron are now 
coming forward, but they are on a smaller scale than 
hitherto, the impression being that rather less iron will 
be required during the ensuing month ; whilst in addition 
some consumers are understood to be better placed than 
they have been. The quantity of forge iron on the 
market is still very considerable despite recent large 
sales over the next two months. Buyers and sellers 





continue busy fixing up forward business. The truck 
supply is good, and all descriptions of pig-iron that can 
possibly be despatched find a very ready market. As 
regards export trade, business with France is proceeding 
steadily through official channels, and now the announce- 
ment is made that shipments to Italy are being arranged 
through the Ministry of Munitions, so that interest of 
merchants in export trade is now little or nothing. 
For home consumption, No. 3 Cleveland pig, No. 4 
foundry and No. 4 forge; are all- quoted 95s., and No. 1 
is 99s.; and for export, No. 3 and the lower qualities 
are 119s. and No. 1 is 124s. 


Hematite Iron.—The hematite position shows no change 
ofany moment. A continued very heavy home demand 
is supplemented by eager inquiries from the Allies, who 
are keen to take up whatever iron there is to spare ; 
but with such a large proportion of the output uired 
for home purposes, relatively little iron is available for 
shipment abroad. All absolute home needs continue to 
be regularly met by the careful system of distribution, 
under official supervision. i Nos. of East Coast 
brands are 122s. 6d. for home use and 147s, 6d. for 
export. 

Manufactured Iron and Steel.—Producers of finished 
iron and steel, though hampered by the situation as 
regards labour and fuel, manage to maintain output on 
an enormous’ scale. Prices, all round, are very stiff. 
To home customers common iron bars are 13. 17s. 6d. ; 
best bars, 14/. 5s.; double best bars, 141. 128. 6d. ; 
iron ship plates, 15/. 10s. ; iron ship angles, 13/. 17s. 6d. ; 
steel ship plates, 11/. 10s. ; steel ship angles, 111. 2s. 6d. ; 


steel boiler plates, 12/. 108. ; steel hoops, 17/. 10s. ; and g 


heavy sections of steel rails, 101. 17s. 6d. Export prices 
are not fixed, but they are approximately 408. to 60s. 
above home quotations. 


Coke.—The exceedingly heavy demand for eke 
cannot be anything like adequately dealt with. Produc- 
tion is affected adversely by the shortage of coal, and’ the 
scarcity is becoming more and more pronounced. The 
supply is from hand to mouth. Average blast-furnace 
coke remains at 33s. at the ovens, and low phosphorus 
sort at 35s. 6d. at the ovens. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Local Markets.—There is very little change in the 
general situation. Practically all the coal is being 
absorbed by official and home requirements, and there 
are hardly any free supplies available for ordinary 
traders. 4 view of the fact that the miners are going to 
take three days’ holidays next week the shortage of 
supplies will become still more acute. The first meeting 
of the Shipping and Coal Co-ordinating Committee has 
been held, but in view of the exceptional circumstances 
the Committee cannot be expected to settle down 
to work for some time to come, and during August, 
supplies of all sorts of coal will unquestionably be very 
tight. Erratic stoppages here and there at the collieries 

d to the embarrassment of, the position. To-day, 
for instance, the whole of the miners at Clydach Vale— 
about 4,000 in number—took the day off simply because 
roceedings had been taken against a number of men 
or breach of contract. ; 


Ni .—Monmouthshire coals of all descriptions 
are now scarce. © Risca Collieries are still idle, the 
men hesitating to — to work owing to the discovery 
of gob fire in an old working in an adjacent colliery. 
There is a fair supply of pitwood, but coke and patent fuel 
are scarce. ey 


_ Coal Trimmers’ Wages.—An application has been 
made by the Cardiff, Barry and Penarth coal trimmers 
for a further increase of 40 per cent. in war bonus, which 
at present stands at 60 per cent. over the pre-war level. 
It is understood that a similar application is being made 
at other ports in the Bristol Channel. No meeting of 
the Trimming Board to consider the matter has yet been 
convened, but it will probably be held at an early date. 

Miners’ Bank Holidays.—At a meeting of the Joint 
Board of the Welsh Coal Trade, held at Cardiff yesterday, 
the men’s leaders made an application that the workmen 
be — three days’ h ys for the bank holiday 
week. The owners’ representatives pointed out that 
poy, Bor received a communication from the Controller 
of 1 Mines which, they understood, had also been sent 
to the workmen’s representatives, urging that only one 
day should be taken in view of the present acute shortage 
of coal, and the owners, therefore, a led to the 
workmen’s representatives to be sati with one day. 
The workmen's representatives, however, intimated that 
they had unanimously decided to take three days’ 
holidays, viz., Monday, Tuesday and Wednesday next. 
In view of this decision, the owners had no alternative, 
and the days indicated will therefore be observed as 
holidays in the South Wales and Monmouthshire coalfield. 


The Shortage of Coal.—Mr. Finlay A. Gibson, the 
secretary of the th Wales Coal and Coke Supplies 
Committee, referring to the decision of the Welsh miners 


to take three days’ holidays next week, officially states 
that the present shortage of coal is serious, and is at the 
resent time affecting both works and the general public. 
e result of the collieries being idle three days next 
week, he says, will mean that there will be practically no 
supplies of coal available for householders for some time, 
but neither the Coal Supplies Committee nor the colliery 
owners will be ble for this. The Coal Supplies 
Committee, he have been making every effort to 
distribute amongst home consumers the available 
uantity, which is bélow requirements, but the effect of 
the three days’ holidays will be such that many con- 
sumers will not be able to obtain any coal. 





CATALOGUES. 


Electric Light Fittings.—A catalogue of fittings for 
industrial lighting issued by the British Thomson- 
Houston Company, Limited, 77, Upper Thames-street, 
E.C, 4, is remarkably complete in all varieties of fittings 
and contains much useful information. 


Staff Gazette.—‘*Callender’s Staff Service Gazette ”’ 
contains many interesting notes from members serving 
in the war, giving their experiences: 652 employees 
have joined the Colours, 47 have passed away, and 
7 are prisoners. Eight have won decorations. 4 this 
case the word “staff” is used in its new democratic 
sense, as including all the employees. 


Lifting Jacks.—A clean-made and serviceable screw 
jack is shown in a catalogue issued by the British Steel 
Piling Company (Edward Le Bas) of Dock House, 
Billiter-street, E.C. 3. The nut is revolved by a worm, 
the worm wheel being of phosphor bronze and the thrust 
of the nut taken on ball bearings. The gearing is entirely 
enclosed except for the part of the screw exposed in 
the raised position. The standard sizes are for lifts of 
15 tons, 25 tons, 40 tons and 60 tons. 


Petrol Engine Valves.—The “Duco” valve stem 
lubricator is a piece of oil-ca fabric pushed over the 
stem of the valve and held in p! by a coiled spring. 
It gives way to the reciprocation of the valve and keeps 
the friction surfaces of the stem continually oiled. With 
properly selected oil, and kept in order, it should be of 
t advantage, not merely in reduc friction but 
in making the valve quickly responsive. essrs. Brown 
Brothers, Limited, Great -street, London, E.C. 2, 
are the agents. Several good testimonials from users 
are printed in the catalogue. ‘ 


Acid Vessels.—A series of cast-iron eggs and stills is 
shown in a catalogue received from Messrs. Meldrums, 
Limited, Timperley, Manchester. A horizontal egg with 
bottled ends and bolted on end. plates is 3 ft. diameter 
and 12 ft. long, to hold 500- gallons. The stills are fitted 
with single or double stirrers worked by power or hand 
gear; also with intertrial heating coils or jackets. Where 
covers ate frequently removed the bolts are let into 
slots so that they may be slacked and withdrawn radially 
without running off the nuts. The vessels are made in 
other metals than cast-iron, and in cast-iron lined with 
lead, vulcanite or enamel as required for acid contents. 


Cranes and Winches.—New editions of their catalogues 
of land and ship-deck lifting machinery have been issued 
by Messrs. John H. Wilson and Co., Limited, Birkenhead. 
These comprise a wide range of powerful and well- 
furnished machinery actuated by steam or electricity 
or in some cases by pressure air. They were described in 
detail in these notes some months ago. A silent steam 
deck winch has machine-cut gear running in oil baths. 
A “ Portal crane” travels on rails nearly 25 ft. apart 
spanning two lines of standard track and having all 
necessary movements—lifting, slewing, travelling, &c.— 
to make it a self-dependent means of transferring cargo 
from ship to railway trucks. 


Travelling Cranes.—A fine series of these cranes is 
illustrated in a little catalogue received from Messrs. 
Thomas Smith and Sons (Rodley), Limited, Rodley, near 

The examples include a 20-ton electric gantry 
crane travelling on 18-ft. gauge rails specially built for 
the Admiralty dockyards; several derrick cranes for 

rdinary rail ges and two et cranes; overhead 
cranes travelling on girders a “walking” crane. 
“Walking” is not a very apt term: it means a crane 
travelling on a single ground rail and a single overhead 
rail—an extremely convenient arrangement for ware- 
houses, stores, workshops, &c. The electric cranes have 
separate motors for the different movements such as 
hoisting, slewing, travelling and jib-adjusting. The 
magnet cranes are both steam driven and carry generator 
sets for the magnets; pig-iron, scrap and hot castings 
or forgi ean be lifted very conveniently with these 
mma the firm, established in 1820, is now a private 
limited ory 7 and remains under the personal 
management of the three Messrs. Smith. 


Pneumatic Tools.—The pneumatic tool, or air-driven 
hand machine, is fully holding its own. The new 
catalogue of the Consolidated Pneumatic Tool Company, 
Limited, 170, Piccadilly, W. 1, is than before with 
new hammer and drill types of es and new handle 
and other — making them suitable for ever-extending 
uses. Indeed there are now a very large number of these 





machines for ial work or, more correctly, for work 
in specially awkward situations in boilers, ships, bridges, 
&c. In ition to many riveting, caulking and chipping 


hammers and drillers there are sand sifters, sand rammers, 
— and ishers, little air power hoists lifting 
rom 1 ewt. to 2 tons and more elaborate hoists, though on 
a small scale, tube cuttersand expanders. Aseries of four 
small fixed position air motors are made of 1} h.p. to 
5h.p. These run in either direction and are instantly 
reversible, The 1} h.p. has a 2}-in. cylinder and 2}-in. 
stroke and l-in. diameter shaft. It runs 1,100 r.p.m. 
light down to 660 r.p.m. loaded, and consumes 45 cub. ft. 
free air per minute. The weight is 122 lb. Tools 
for use under water are also shown. The company has 
works at Fraserburgh, on the East Coast of Scotland, and 
repair sh and stores in . The following 
otation. from the introduction to the catalogue is 
ic of these chon a b — 
spared no expense, not y the t 
machinery, but ag eens welfare of the employees, 
and bi rooms, a shooting gallery, 
and fields for outdoor sports ; every encouragement being 
given to the employee to produce the best article under 
the most favourable conditions.”’ 
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THE BUILDING OF REINFORCED-CONCRETE SHIPS. 


(For Description, see Page 114.) 
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NATIONAL SHIPYARDS. 

OnE more stage in the evolution of the national 
shipyards was disclosed by the First Lord of the 
Admiralty in the debate in the House of Commons 
on Tuesday. It further serves to show that, alike 
in its inception and its development the scheme 
has lacked definiteness of plan, and shows evidence 
of guidance by other than technical and experienced 
minds. Even at the risk of repeating what we have 
said at successive stages in the project, we may 
review the whole history of the undertaking, since 
there is still justification for doubt whether 
success can be achieved even under the guidance 
of such an experienced practical shipbuilder as 
Lord Pirrie. That ships will be built and completed 
is certain, because Lord Pirrie is a man who by 
force of character will attain this result. But, as 
one of the speakers in the debate insisted, the whole 
problem is the efficient utilisation of the available 
man-power. This, we have contended, can best 
be achieved by the private yards having the first 
claim on men, whether skilled, semi-skilled or 
unskilled, and on material. The raison-detre of 
the proposal to establish national yards was the 
utilisation in them of German prisoners of war 
working under the direction of a sufficient number 
of skilled artisans from existing yards. But, before 
the project had got beyond the stage of conception, 
advice was given by a committee composed of ship- 
builders, each of whom had made a great success 
with his own establishments. They were un- 
compromisingly opposed to the whole scheme, and 
so also were the Consultative Committee, composed 
of trade union leaders. Even commonsense ought 
to have made those responsible to realise that trade 
unionists would not work with and guide German 
prisoners of war. Moreover, all British labour 
available ought to have gone to the private yards, 
where there was, admittedly, a grave deficiency 
in this respect. After much money had been spent 
on the national yards it was found that trade 
unionists refused to work with German prisoners of 
war. In the meantime, however, the work of build- 
ing hutments and of laying out the ground was being 
pushed forward, largely by the unskilled German 
prisoner. The First Lord, however, conceded the 
view that until the requirements of private yards in 
the matter of workmen were fully met they would 


7| have priority in the engagement of British labour 


that became available. At the same time the pro- 
mise was made that 20,000 men would be taken 
back from the army to supplement the labour in the 
private yards. Of these some 12,000 men have been 
brought back, but the assertion is made, no doubt 


23| with a large measure of truth, that these men are 


not fully efficient, due partly to physique and partly 
to insufficient experience. There has, however, 
been a continuous drain from the yards to the 
Army of young men trained in shipbuilding. No 
doubt the exigencies of war on the western front 
have made this withdrawal necessary. But the 
result has been that to-day the number of workers 
in shipbuilding and marine engineering works is 
less rather than more, as a consequence of the 
redistribution of labour. 





Another contention in favour of the national 
shipyards was that they were to be engaged on 
fabricated ships. The First Lord, in his statement 
on Tuesday, put forward the plea that private 
shipbuilders opposed the construction of fabricated 
ships, just as they had been reluctant to adopt the 
standard designs of ships. This, however, is only 
part of the truth. There has been a tendency, 
probably quite unpremeditated, to confusion in 
regard to fabricated ships. America took up the 
fabricated ship with remarkable enthusiasm and 
with splendid results ; but this was due, not to any 
choice or approval prima facie of the system of 
construction, but rather to the force of circumstances. 
America had few shipbuilding yards fully equipped 
with machine tools for the conversion of material, 
as it arrived from the rolling mill, into the con- 
struction of a ship. On the other hand, they 
had immense establishments with extensive and 
admirably-designed machinery for converting the 
same units into bridges, “ sky-scrapers.” and other 
constructional steel erections. It was therefore 
a wise policy to utilise this machinery to construct 
units of ships as large as could be conveyed by rail 
and to confine work in new shipbuilding yards to the 
assembly and riveting-up of these large units in the 
hull of the ship, There is no need to show that 
this method cannot be regarded as the most 
economical, or, indeed, the most efficient, system of 
building ships, particularly if, as is the case not only 
here but in America, the railway lines are heavily 
congested with traffic. Bars, angles and plates 
can be much more easily and cheaply moved by 
rail than these large fabricated units, and conse- 
quently time, coal and man-power are not 80 
effectively utilised in the building of fabricated 
ships. In this country, it is true, we also have large 
bridge-building and other constructional steel 
works, and it was quite proper that the machine 
tools in these establishments should be utilised 
as far as they were available for the construction 
of the units of ships’ hulls. There was, therefore, 
some measure of support for the construction of 
yards specially arranged for this work, always 
provided that such assembly of units from bridge- 
building works could not be carried out speedily 
and cheaply in shipbuilding yards. Such work, 
of course, must necessarily be supplementary to 
the ordinary building of ships, including the prepara- 
tion of the bars, angles, plates, &c., by the machinery 
already installed at these yards. The approval 
or otherwise of the private shipbuilders was there- 
fore contingent upon the full utilisation of their own 
machine tools and the engagement of men on 
fabricated ships in berths which could not otherwise 
be occupied with the material machined in their 
own shops. That these private yards are now 
taking up the work of fabricated ships is proof of 
the willingness of employers and men to do their 
best for the nation. In view of this Lord Pirrie 
agreed, a few weeks ago, that work in the national 
yards should, for the present, be confined to the 
organisation and equipment of the yards, and that 
the available fabricated units from bridge-builder 
should be sent to the private yards. So convinced 
was he of the desirability of this course, that 
extensive supplies which had already arrived at 
the national yards were, before the work of assembly 
could proceed, returned over many miles of railway 
to the private yards. Indeed, certain of the 
material which was to be used at the national yards 
was transmitted, in some cases, 200 or 300 miles. 

Now the policy has again been changed. The 
First Lord informed the House that the keel of the 
first ship would be laid a month hence, and that the 
work of building the fabricated ships would continue 
at a rapid rate. There are to-day 10,000 men 
working at the national shipyards, almost entirely 
unskilled, except those who have been taught 
pneumatic riveting on the spot. Of these, 3,000 are 
prisoners of war—we presume these are engaged on 
the work of preparing the berths and house-build- 
ing—while 7,000 enlisted men are to be passed into 
the reserve, to take up work as civilians at civilian 
rates of pay. The private shipbuilder is entitled to 
ask whether this change is consistent with the pro- 
mise, made repeatedly, that their labour demands 
for shipbuilding would have priority, and the House 
of Commons seems sceptical whether these men, who 
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had been withdrawn from the army, could be as 
efficiently utilised at national yards as in private 
establishments. Their protest is the more important 
because the number of available berths in private 
yards is steadily increasing. In the first place 
berths which were occupied from the beginning of 
the war with ships laid down for private shipowning 
companies are now being vacated, as permission has 
been given to complete these ships, which in some 
cases have been lying for four years without any 
work being done, notwithstanding that great ships, 
suitable for use as transports and capable of con- 
veying thousands of troops, could have been 
completed for a less expenditure of material than 
the standard ships, and with an absorption of labour 
not greater than that required for a standard ship 
of one-third or one-fourth of the capacity. Indeed, 
in one yard there were, until recently, four magnifi- 
cent Channel steamers, some of them in the water 
and some on the berth, for the completion of which 
authority could not be got. In addition, 87 new 
building berths, authorised some time ago, are 
gradually coming into use; many of them are 
already occupied, and the whole of them will be 
available in a short time. These berths are more 
than capable of producing the 3,000,000 gross tons 
required per annum, according to Admiralty com- 
putation of necessary tonnage supply, provided 
the labour is available. As we have shown, these 
berths are being completed, while no corresponding 
increase has been made in the labour supply to 
private yards. Mr. Runciman made a remarkable 
contrast between the lack of expedition in the 
completion of the national yards, which were com- 
menced a year ago, and the very smart work done 
on the Tees, recently illustrated in ENGINEERING. 
A yard started last March will, in a week or two, be 
turning out fabricated ships, whereas in the national 
yards, after a year’s work, the first keel will only 
be laid in a month. 

One further development is that although these 
national yards were designed for purely fabricated 
ships, Lord Pirrie has decided that machine shops 
must be erected to work one-half the material 
necessary for keeping 36 berths going, so that 
step by step the whole dception on which the 
project was based has been swept away, and we now 
find that the national yards are intended to be equal 
with any private yard. Undoubtedly, if they had 
been confined purely to fabricated ships the end of 
the war would have deprived them of the units of 
which these vessels are built, because bridge- 
builders and constructional steel makers would 
necessarily have had to give up shipbuilding and 
turn their attention to that work of reconstructions 
particularly in devastated countries, for which their 
equipment is specially devised. Bridge builders 
will be too busy on their own work to continue 
shipbuilding work. Thus the national yards, by this 
latest decision, become a permanent institution 
rather than a war emergency proposition. It is, 
as was threatened from the beginning, the thin end 
of the wedge of nationalisation in shipbuilding, and 
to this extent ought to be resisted in the most 
vigorous and conclusive way. 





THE EMBARGO STRIKE. 

TuE ultimatum presented by the Government 
to the munition strikers has had the immediate 
effect of bringing about a general collapse of the 
movement, as was foreseen by all who were familiar 
with the circumstances out of which the cessation 
of work arose. The alternative ‘“‘ Either work 
or fight’ was heartily endorsed by the general 
public, who showed anything but sympathy with 
the men who, while enjoying privileges of security 
and comfort far beyond amy other class of the 
community, openly defied the considered decision 
of the Government as well as the advice of their own 
leaders. The temper of the public was unmis- 
takable, and one heard a general regret that the 
ultimatum should have been delayed a moment 
after the threat to strike was made, while it was 
urged that every man who saw fit to endanger the 
munitions supply by ceasing work should instantly 
have been transferred to a field of activity where 
the question of wanton strikes on the part of highly- 
paid young mechanics would have presented itself to 
him in a very different aspect. 





Although the nature and object of the ‘‘ embargo ” 
which was the ostensible cause of the strike, have 
been made abundantly clear, both in the official 
pronouncement and in the House of Commons, there 
seems even yet to be a certain amount of mis- 
conception on the subject. The embargo consists 
merely in an instruction by the Ministry of Munitions 
to certain controlled establishments that they are 
not to engage further skilled men without special 
permission of the Ministry. The result of this 
order, so far as the men already employed in these 
particular establishments are concerned, is to tend 
to make their positions even more secure, while as 
regards others it is merely equivalent to the notice 
often seen at factory gates: ‘“‘ No hands wanted.” 
It must be clear that the effect of the embargo upon 
the “ privilege” of the skilled workman to obtain 
employment where he likes, is entirely insignificant. 
The number of embargoed firms is, and can only be, 
a very small proportion of the munition works in the 
country, and the action of the Ministry amounts 
merely to preventing the creation of spurious 
vacancies in a few specified firms. No workman is 
concerned in any way except the very small number 
who might have filled such vacancies, and even they 
have the remaining thousands of munition firms 
to choose from should they desire to change their 
employment. That an order so relatively un- 
important from the workman’s point of view should 
have aroused a deliberate attempt to dislocate the 
munitions supply by thousands of men in no way 
affected by it is almost inconceivable, and fully 
warrants the public indignation which it called 
forth. 

The reason for the embargo being instituted, 
was to prevent skilled labour being attracted to 
establishments which already possessed a greater 
proportion of such labour than could be justified by 
the nature of their work. There is ample skilled 
labour in the country to do all the work which 
requires genuine skill, but there is not such a surplus 
as to permit of any firm utilising it wastefully. 
The dilution of skilled labour has long been recog- 
nised as a necessity of our present industrial 
conditions, and the efforts of the Ministry of 
Munitions to induce firms to employ unskilled and 
female labour on all work not needing the long 
training and varied experience of the qualified 
craftsman have been remarkably successful. Con- 
trary to the expectations of many the unskilled 
worker trained as a specialist on a single operation, 
has completely outclassed the skilled mechanic on 
such repetition work. Hence the effect of dilution, 
which cannot be considered apart from the con- 
comitant reorganisation of methods, of manufacture, 
has in general vastly increased the output per 
employee. The Ministry of Munitions, with all the 
manufacturing information of the country at its 
disposal, is in a position to know to what lengths 
it is practicable to carry dilution on even such 
exacting works as the production of aero-engines, 
magnetos or machine guns without detriment, or 
even with positive advantage to the output per 
employee. The same department knows equally 
well that a certain percentage of skilled men must 
be employed for work which only they can perform. 
With this knowledge it is not difficult to determine 
when a firm is flagrantly exceeding the amount of 
skilled labour to which it is fairly entitled, and it is 
none the less incumbent on the Ministry to check 
the abuse, and the embargo on the further engage- 
ment of such skilled labour was the method 
decided upon. 

It is not to the credit of any firm, that a check 
upon its employment of labour should be necessary, 
but it is creditable to the industry as a whole that 
so few firms needed official restraint. Unwillingness 
to adopt such manufacturing methods as would 
permit of dilution, and a conservative incredulity 
as to the possibilities of using unskilled labour to 
advantage are usually the worst charges that can be 
laid at the door of recalcitrant firms, but occasionally 
it is to be feared that a certain selfish desire to 
consider post-war advantages rather than present 
national necessities must be suspected. Whatever 
the motive the method of attracting skilled labour 
from more deserving work, usually consisted in 
offering exceptional rates of pay or providing 
facilities for excessively large weekly earnings in 








respect of a not proportionally large output of 
work. Such action is always provocative of 
industrial unrest, and is discountenanced by the 
more scrupulous firms. It is rendered possible, 
in a commercial sense, not to say encouraged by 
the Government itself, as it is one of the evil fruits 
of “time and line” contracts under which the 
greater the cost of manufacture, the greater the 
profits of the firm. 

As a result of the strike the Government have 
promised to institute an inquiry into the working 
of the embargo. The necessity for the latter has 
never been in question for a moment, and it almost 
appears as if the promise of an inquiry was merely 
@ means, provided quite unnecessarily, to enable 
the strikers to “save their face” and to spare 
them the humiliation which they have rightly 
earned. The constitution of the committee of 
inquiry has just been made public, and very much 
depends upon its impartiality and wisdom. The 
point in dispute with the trade unions, namely, 
whether there should be an embargo or not, is one 
of those rare questions upon which both the 
employers and the trade unions may easily find 
themselves in agreement and both in opposition to 
the Government. It is abundantly evident that 
the trade unions object to embargoes, and there is 
no doubt at all that employers as a whole, dislike 
Government interference with their methods of 
conducting business. If, therefore, their representa- 
tives on the committee lose sight of the broader 
national interests in their desire to permit all firms 
to conduct their shops in their own way, they will 
be committed to opposition to the principle of the 
embargo, and therefore become hostile to any 
method of operating it. There is, we fear, a con- 
siderable danger of some such result, and should it 
occur it would place the Ministry of Munitions in 
the awkward position of having either to disregard 
the findings of the committee, or of being forced to 
withdraw a policy which it has most emphatically 
stated to be necessary and essential. 

Whatever may be the future of the embargo, 
there is no doubt that the whole dispute has been 
one of the most humiliating incidents of the war. 
The conduct of the firms which, in the opinion of 
the Government made an embargo necessary is no 
cause for pride. The sequel, resulting in the 
striking of thousands of munition workers, most 
of whom are protected from the hardships of 
military service, for the one and only reason that 
they should loyally expedite the output of munitions, 
is a matter for shame. Their grievance, if it can be 
called a grievance, was trivial beyond words. It is 
to be hoped that our industry will never again be the 
scene of such an episode in which the selfish interests 
of a few were permitted to outweigh their duty to 
the nation as a whole and particularly to their 
comrades in the field. 

“If ye break faith with us who die 


We om not sleep, though poppies grow in Flanders’ 
elds.”’ 








THE NATIONAL PHYSICAL LABORATORY 
IN 1917-18. 
(Continued from page 96.) 

Metallurgy and Metallurgical Chemistry (Superin- 
tendent, Dr. W. Rosenhain, F.R.S.; Messrs. 
J. Murdock, Guy Barr, S. L. Archbutt, W. Withey, 
L. Bireumshaw, J. L. Haughton, T. E. Rooney, 
D. Hanson, E. A. Coad-Pryor, V. H. Stott). 
Equipment.—The most notable feature in the 
extended foundry is the pit, about 30 ft. by 8 ft., 
for the gas-heated metal-melting furnaces. The 
pit is covered by grid plates, separately removable, 
and the lids of the furnaces are level with the floor ; 
the furnaces are operated by control valves and 
levers from the floor level, so arranged as not to 
interfere with the traffic when the furnaces are not 
in use, and the pit, which is accessible by steps, need 
not be entered except for cleaning and repairs. 
The furnaces themselves and the levers do not project 
from the pit, and the arrangement is both con- 
venient and safe ; each furnace can be lifted in the 
usual way or by the aid of the travelling crane. So 
far two furnaces have been installed, one of the 
injector type, of Messrs. Fletcher, Russell and Co., 
and a natural-draught furnace of the Richmond Gas 
Stove and Meter Co.; there is also a vertical stove 
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for preheating iron moulds. The pit is supplied 
with gas from a 4-in. main and with compressed air 
at pressures up to 100 lb. per square inch; a 6-in. 
pipe from a rotary fan further provides air at low 
pressures up to 10 in. of water. The brick flue, 
provided with dampers, leads to a special chimney 
30 ft. in height ; the injector furnace discharges its 
combustion products into a special flue pipe made 
in the Laboratory of a carborundum mixture. The 
very noisy high-pressure injector furnaces are placed 
in a special room which is ventilated by a fan, behind 
a double door ; these furnaces for temperatures of 
1,600 deg. C. and more are built up as required of 
refractory bricks on a special bench which is 
arranged with firebrick partitions. The gas and 
electric furnaces wanted for the researches on glass 
and refractories are likewise placed in the foundry. 
They comprise a recuperative gas-fired kiln, the 
hearth of which measures 18 in. by 33 in., and which 
can be left unattended for several hours; the 
control is partly by determining the CO, in the 
flue gases. There is difficulty, however, with the 
fluctuating pressure of the town gas which calls for 
the installation of a governor and may necessitate 
the erection of a small gasholder. Additional 
arrangements for the supply of compressed air have 
already been made, Messrs. Reavell putting down 
a compressor for 65 cub. ft. per minute; this is 
driven by a three-phase motor at 440 volts, supplied 
from the stationary three-phase transformer for the 
furnaces, as a continuous-current cable from the 
power-house would have been too . expensive. 

The electric furnaces of the graphite-ring type 
have proved very successful, and rings of 9 in. 
internal diameter are now in use. One of these 
furnaces serves for melting iron and steel for research 
purposes. Another is arranged as a vertical tube 
or gradient furnace suitable for thermal curve work ; 
the hottest zone, of 1,600 deg. C. and above, is at 
the top, and the specimen is pushed into this zone 
from below. The arrangement obviates the difficul- 
ties of finding a suitable suspension wire which will 
bear the load at the high temperatures, and of 
exposing the thermocouples to temperatures exceed- 
ing those at which measurements are being taken. 
The mechanical appliances for raising the specimens 
consist of a ram working in an oil cylinder (below 
the furnace) which is charged with oil from a tank 
on the roof of the building. This ram device.is also 
used for introducing crucibles into large furnaces. 
The further requifements of the department 
necessitate the addition of a third storey to the 
Wernher building, as was already stated. 

Alloys Research. Aluminium.  Steel.—The re- 
searches on aluminium alloys have established 
a number of constitutional models of ternary alloys 
and have also helped to clear up some questions con- 
cerning the various forms in which silicon is found 
analytically in alloys of aluminium (not all the 
silicon is converted into SiO,), and the bearing 
of these results on the properties of the materials ; 
the anomalous behaviour of some alloys has also 
been investigated, and to this as to other work the 
ladies on the staff have contributed their share. As 
re magnetic steels, Messrs. Thomas Firth and 
Sons, of Sheffield, have supplied a set of graded 
tungsten steels. The magnetic behaviour of these 
steels showed discrepancies apparently due to their 
antecedent thermal and mechanical treatment, 
and it is intended to prepare definite alloys from the 
pure materials in the electric furnaces of the 
Laboratory and to examine them magnetically in 
the ingot and after forging and heat-treatment. 
Much work has also been done for the Steel Research 
Committee of the Institution of Automobile 
Engineers and for the Engineering Standards Com- 
mittee, and further in advising on gauge-hardening, 
case-hardening, &c. The issue of standardised 
steel samples, to serve as standards for chemical 
analysis, will soon become possible, it is hoped ; 
the Iron and Steel Institute has been urging this 
standardisation. Substitutes of non-ferrous metals 
(other than aluminium and its alloys) have also 
claimed attention. 

Optical Glass.—Further promising progress has 
been made both as regards the preparation of pots 
and crucibles for refractory materials,some of which 
do not lend themselves to ordinary casting and 
shaping, and also as regards the melting and stirring 





of glass. The one melting furnace which we 
mentioned last year, was recently put out of action 
by an explosion which did not cause further damage 
fortunately. 

Metallurgical, General and Aeronautical Chemistry. 
—The very varied work to be done for Government 
departments and other bodies now comprises the 
testing of laboratory glassware of British manu- 
facture. The testing of the purity of hydrogen, 
and of new methods and apparatus for measuring 
the permeability and examining other properties 
of balloon fabrics, and of dopes and varnishes, 
cellulose acetate, &c., have also fallen to this 
division. 

Physics Department. Electricity (A) Funda- 
mental Units (Mr. F. E. Smith, F.R.S., Superin- 
tendent, and Mr. H. C. Napier).—The time of this 
division, to which a staff of women is attached, 
has almost entirely been occupied with confidential 
work for the Admiralty, partly connected with radio- 
telegraphy. The standards of resistance continue 
in a satisfactory state. Some Weston normal cells 
have been constructed, and the Laboratory standards 
of electromotive force have been compared with 
the standards of Japan, Dr. Yokoyama having 
brought three normal cells over to Teddington 
for this purpose. These cells, made in March, 1916, 
contain a 10 per cent. cadmium amalgam, and the 
mercuric sulphate was prepared electrolytically, 
they agreed with the National Physical Laboratory 
standard cells within 7, 2, 4 parts (average 4) in a 
million, which is very satisfactory. The agreement 
of four other cells with a 12-5 per cent. amalgam, 
which were made by Dr. Shimidzu at Teddington 
in 1910, according to the instructions of the Labora- 
tory (mercuric sulphate prepared by a chemical 
process) and which have remained at Teddington 
since, is not now quite so satisfactory. The prepara- 
tion of the mercuric sulphate and the composition 
of the amalgam gave rise to long-continued inter- 
national researches before the war. 

Magnetic Disturbances of the Laboratory.—Before 
electric propulsion was introduced on the London 
and South-Western Railway, an understanding was 
arrived at in 1913 between the company and the 
Laboratory as to the magnetic disturbances which 
the running of the trains might cause at the Labora- 
tory. The Laboratory was already disturbed by 
the electric tram service along the main street of 
Teddington, and the railway company agreed not to 
exceed those disturbances by more than 20 per cent. 
The aperiodic qualities of his magnetographs in the 
magnetograph hut of the Laboratory allow Mr. 
Smith to determine those disturbances quantitatively 
with comparative ease. Occasional 24 hours’ 
records taken during the past year further show that 
the horizontal magnetic field at the Laboratory 
is increased by more than the 20 per cent. stipu- 
lated; the matter was referred by the Office of 
Works to arbitration, and the award of the arbitrator 
was given to this effect in December, 1917. The 
magnetic hut is used for experimental purposes and 
compass testing, &c.; the magnetograph records 
are hence not available for general magnetic 
observations. 

B. General Electric Measurements. Inductometers, 
Solenoids, Magnetic Tests. (Messrs. A. Campbell and 
D. W. Dye).—The ordinary testing work, apart 
from official work, has doubled since 1915. The 
new standard mutual inductometer for a maximum 
of 1 millihenry (starting from a microhenry), is 
wanted particularly for wavemeter coils; the 
instrument is similar in design to the larger 10 milli- 
henry* inductometer previously made in the 
Laboratory. The coils are mounted on white 
marble supports. Two accurately-wound search 
coils were submitted for most accurate testing, and 
in this connection an investigation was made of the 
uniformity of magnetic fields due to solenoids. 
In the usual examination of search coils the 
product: number of turns times area, is deter- 
mined, and for conducting the checking test the 
coil is placed inside a solenoid or near some other 
primary coil of such a kind that the magnetic field 
produced at the search coil by a known pri 
current can easily be calculated; the mutual 
inductance of the combination against a standard 
is then determined. The solenoid should be as 


* Lhenry (secohm or quadrant) is 10° cm. 





uniform as possible, especially when the axial 
length of the search coil is not relatively small, 
but uniform winding is very difficult to secure. 
Our readers ‘may remeniber the great difficulties 
which Mr. F. E. Smith and the Metrology Depart- 
ment experienced in making the coils for the 
Lorenz apparatus for the absolute determination 
of the ohm ; in this apparatus the wires are placed 
in grooves turned in marble cylinders. For ordi- 
nary measurements, especially with suspended 
coils, marble tubes would be unsuitable, of course. 
Investigating the uniformity of solenoids wound 
on long smooth tubes in 1911, Gehrcke and 
Wogau observed considerable discrepancies, and 
Mr. Campbell corroborates them. Moving a search 
coil to various positions along the axis, he found 
variations of 1 per cent. and 2 per cent. from the 
mean, after allowing for the finite length of the 
solenoid. The standard search coil was a single- 
layer coil of enamelled wire, very carefully wound 
on a marble cylinder of 3 cm. diameter, and the 
values of the measured dimensions and of the 
inductance determination agreed within one part 
in 1,000. To obtain higher accuracy would require 
much greater elaboration in the design of the 
solenoid, and for use with alternating currents 
particularly it is difficult to find a suitable tube 
material. 

The magnetic work has been varied. The relia- 
bility of various methods is under investigation, and 
a number of materials have been tested, non-mag- 
netic steels as well as ordinary steels, the magnetic 
change points of which have to be determined, and 
low-silicon iron; in this latter case the object is to 
find the hysteresis loss and permeability at tele- 
phonic frequencies due to the superposition of 
direct-current magnetisation. The testing of horse- 
shoe magnets is a very difficult matter because the 
bent and chilled bar is not uniform in material and 
cross-section, a hole is pierced in each limb to fix 
the pole-piece, and the coils to be slipped over the 
limbs should fit the curved surfaces as closely as 
possible and must be made of stout copper wire to 
take currents of 20 amperes without getting hot. 
Sets of narrow flat coils (on glass), jointed together 
in series, weighing up to 12 lb., have been found 
useful for this work. For some purposes alternating 
current measurements have to be made at 10 periods 
per second, and a simple arrangement has been set 
up to serve as a steady source of such currents. 
It consists of a long, electrically-excited tuning 
fork ; to the end of the one limb is fixed a horizontal 
piece of cardboard on which a coil is mounted, and 
this coil is by the fork moved into and out of the 
pole gap of a permanent magnet; a very sensitive 
vibration galvanometer for this frequency has been 
constructed. The apparatus mow under con- 
struction for the determination of effective resistance 
in radio-telegraphic apparatus concern the power- 
losses at the high radio-frequencies; the experi- 
mental currents will be generated by a secondary 
battery of 400 volts combined with large valves, 
and the determination will be calorimetric. 

Electrotechnics. A. General Work. Height 
Finders. P. (Messrs. ©. ©. Paterson, 
A. Kinnes, J. W. T. Walsh, Dr. Norman Campbell). 
—Mr. Rayner being still absent on other duties 
and Mr. Dudding having been transferred to the 
Metrology Department, the heavy official investi- 
gation work had to be carried on with a depleted 
staff. The equipment has hardly been increased 
under these conditions, but the acquisition of most 
of the apparatus from the laboratory of the late 
Mr. Duddell is highly valued, the apparatus being 
so perfect. A great deal of further work has been 
done with the Paterson-Walsh height finder, and 
assistance with these instruments has been given 
both in this country and in France. The investiga- 
tion of insulating materials has special reference 
to magneto distributors, i.¢., attachments to 
magneto machines by means of which the high- 
potential currents—from large-size tungsten-lamp 
rectifiers—are distributed to the separate igniters ; 
the insulation of these distributors has to be very 
durable, since brushes rub over the contact pieces 
embedded in the insulation. Ebonite and special 
insulating materials have been tested for mechanical 
and electrical properties including tendency to 





carbonise with sparking, and mica condensers have 
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been examined to test the effect of traces of air 
in the mica. 

At the request of the Engineering Standards 
Committee measurements have been made of the 
temperature in ventilated and unventilated sockets 
of Goliath lamps and other lamps used in lanterns 
of the open and enclosed types. There is con- 
siderable heating in the sockets owing to the 
conduction of heat from the bulbs, and it was found 
that the temperature in the leading-in cables might 
rise to 140 deg. C. and that the existing arrange- 
ments for socket ventilation did not afford much 
improvement. Satisfactory methods had also to be 
devised for the photometry of gas-filled lamps. 
The ordinary step-by-step method is slow, parti- 
cularly when the lamp cannot be rotated, and 
for most purposes a knowledge of the average 
candle power is all that is wanted. This can be 
done with the aid of the cubical integrating photo- 
meter box suggested by Dr. Sumpner which we 
mentioned last year. It is a room rather than a box, 
and should be spherical instead of cubical; the 
internal walls of the room are painted dull white ; 
the lamp under test, which may be a searchlight, 
is mounted or suspended in the box, and the beam 
passes out through a window in one of the walls, 
outside of which the photometer bench is mounted. 
In order to be able to examine the crater of an arc 
separately from the arc, the rays from the crater are 
by mirrors reflected through a second window, so as 
to fall outside on the diaphragm disc of a second 
bench; this disc has a hole in the centre and the 
light spot is, by a lens, magnified to cover the 
photometer disc. Light filters and standard 
vacuum lamps running at normal temperature are 
used in the measurements ; but Mr. Paterson is not 
satisfied with the arrangements, and these will be 
perfected as soon as conditions permit. Search- 
light carbons are also under examination. 

As regards the decay of luminous paints the 
observations mentioned last year, continue, and the 
work connected with these compounds has increased 
owing to their extended use; gunsights are now 
sent for regular examination. Various forms of 
self-luminous graticules for gun sights have been 
studied for the Munitions Inventions Department, 
and several such forms have been made at the 
Laboratory ; the difficulty is that the line should be 
both sufficiently luminous for good visibility and 
narrow for precision in sighting. 

B. Continuous Current. Resistance. Buried 
Cables. (Messrs. S. W. Melsom and H. C. Bocth, 
Miss V. Cockburn.)—Apart from routine work and 
special investigations for the Admiralty and the 
Aeronautical and other departments, the chief 
investigation has been on the heating of buried 
cables. This work is in a measure completed, and 
an interim report has been presented to the Institu- 
tion of Electrical Engineers, but not yet published. 
Meanwhile it has been decided to include in the 
inquiry a determination of the dielectric losses in 
the cables, which will involve further laborious 
work, but will make the report still valuable 
to electrical engineers who are ready to bury cables 
as soon as they are more reassured as to the risks 
they may run. We described the method in last 
year’s report.* The cables, so far all paper insu- 
lated, in sections of 100 ft. length, are first laid 
on the floor of the Laboratory to determine their 
constants. They are then placed in the conduit 
built for the tests, which extends between two 
huts with concrete foundations serving as small 
laboratories. The cables are laid direct in the 
ground, or solid in bitumen, or drawn into a six-way 
duct of stoneware. The laid cables are heated 
by alternating currents, and the increase in the 
resistance of the conductors is measured by means 
of a Kelvin double bridge. To make the use of 
galvanometers possible, a small continuous current 
of about 20 amperes from a battery is superimposed 
upon the heavy alternating currents of 500 amperes, 
the accumulators being put in series with the 
secondary winding of the transformer and with the 
cable by a double-pole change-over switch. Fig. 1 
explains the general arrangement ; 1 indicates the 
cable, 2 a standard shunt, 3 the two-wire ampere- 
meter and shunt, 4 the double-pole switch, 5 the 
current transformer and precision current meter, 
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6 the transformer, and 7 the battery. While the 
observations are being made the whole alternating 
current is flowing through the battery, and the 
double bridge and galvanometers are carrying a 
comparatively large alternating current in addition 
to the small continuous current to which they 
respond. Resistance measurements are made on the 
inner and the outer conductor of a cable (if con- 
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commutators, each to carry 1,250 amperes at 
6 volts; by means of a series-paralleling boards, 
currents of 1,250 amperes at 24 volts and of 5,000 
amperes at 6 volts will be available ; .the generators 
are driven by a three-phase motor for 3,000 volts 
from the town supply. 

Assistance has also been given to the Aero- 
dynamics division in experiments on engine cooling. 
Attempts to detect defects in bridge girders by 
electric and magnetic methods have proved fruitless ; 
the methods did not indicate incipient cracking 
before mechanical weakness had already set in. 

Heat. A. High Temperature and General Work. 
Pyromeiry. (Dr. Ezer Griffiths, Mr. E. H. Schofield.). 
—Dr. Harker (Ministry of Munitions) and Captain 
Blackie (on active service) being still absent, the 
large volume of routine work has left little time for 
high-temperature research. A room is _ being 
equipped for optical-pyrometry work; special 
tungsten arcs (buttons) have been prepared by 
the Edison-Swan Company for the division to serve 
as comparison source in calibrating pyrometers over 
the apparent range 900 deg. to 2,400 deg. C., and 
improved graphical methods have been devised 
for computing the results of observations with 
optical and with total radiation pyrometers. 
Diaphragms of various apertures have been fitted to 
three standard total-radiation pyrometers so as to 
obtain a series of overlapping scales, and further 





progress has been made with standardising directly 
against the melting-point of gold or palladium, as 
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centric) and on the lead sheathing, the latter 
measurement indicating the temperature of the 
outer portion of the cable. 

The mean resistance value of 230 samples of the 
copper conductors in the cables was 0-1541 ohm 
per meter-gramme at 20 deg. C., the temperature 
coefficient being 0-00390 at 20 deg. ; 31 samples of 
lead sheeting gave a mean resistance of 2-443 ohms 
per metre-gramme and an average temperature 
co-efficient of 0-00385; the latter figure varied 
between 0-00404 and 0-00373. In general, the 
temperature rise of a cable drawn into the stoneware 
duct was twice that of a similar cable armoured and 
laid direct in the ground; the cables laid solid in 
bitumen occupied an intermediate position. The 
report will give particulars of these figures and also 
of the time periods in which the cables attain their 
maximum temperatures; the effect of the ends, 
and the temperature gradients in the cable and 
in the duct (a point to which we referred last year) 
are also discussed in the report. For the further 
tests a special motor-generator set is under con- 
struction, the set being wanted in general for heavy 
continuous-current work. The set consists of two 





continuous-current generators, each fitted with two 
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we described last year* ; the observer sights upon 
a diaphragm in a furnace (giving black-body 
radiation) across the face of which a wire of one of 
these metals is stretched, and raises the furnace 
temperature until the circuit is interrupted by the 
melting of the wire. Total-radiation pyrometers 
have been calibrated at 1,550 deg. C. in this way, 
and it is also confirmed that the freezing-point of 
the nickel-graphite eutectic, 1,330 deg. C., may be 
utilised as a fixed point for the calibration of thermo- 
couples. For accurate work with platinum thermo- 
couples at high temperatures it is most essential 
to make sure that the wires are not contaminated 
by the vapours of other metals and furnace gases. 
Recalibration of a suspected thermocouple does 
not suffice to ascertain whether the “ furnace end ” 
is contaminated or not, should the affected portion be 
within the uniformly-heated region of the furnace. 
It is hence desirable to test the wire in short sec- 
tions, and Messrs. Griffiths and Schofield effect this 
with the aid of a clever little device. It consists of 
two copper wires, fixed parallel to one another, a smal! 
distance apart, the one kept hot, the other cold, 





* See ENGINEERING, July 13, 1917, page 33. 
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across which the section of the wire under test is 
laid ; the copper wires are joined to a potentiometer, 
and the thermo-electric force is measured. Another 
section of the test wire is then brought into contact 
with the copper wires, which it crosses at right angles, 
and the measurement is repeated. The wire under 
test is carried in a frame which is moved by means 
of a rack and pinion, so that the observer can 
traverse the wire which, during the measurement, 
is pressed into good contact with the copper wires 
by the aid of a pad and a weighted lever. Each 
copper wire is longitudinally soldered to the top of 
a small copper tube ; steam passes through the one 
tube, and cold water through the other. 

Pyrometer Tubes. Thermal Conductivity. Electric 
Hot Plates and Cold Storage-——When examining 
pyrometer sheaths of British manufacture for 
softening point and porosity at high temperatures, 
the tubular sheath is fixed horizontally with its 
end projecting as a cantilever into a furnace so 
that the conditions are the same as when the tube 
serves as sheath for a pyrometer ; the temperature 
of the furnace is slowly raised and is maintained 
steady for hours, until the tube bends under its 
own weight. To determine the porosity the tube, 
inserted into the furnace with its closed end, is 
exhausted to a few millimetres of mercury; the 
pump is then shut off, and the rise of pressure in the 
tube is watched. In this porosity test some 
porcelains even unglased came out remarkably well, 
the walls of the tube collapsing before any leakage 
of gas into the tube became noticeable ; tubes of 
fireclay and of shrunk alumina on the other hand 
frequently showed a return to atmospheric pressure 
within 10 seconds. The thermal conductivity tests 
were made on aluminium and its alloys for the 
Advisory Committee on Aeronautics. The light 
aluminium alloys are valued as material for the 
construction of cylinders and pistons of aircraft 
engines also on account of their high thermal 
conductivity, as to which there were no reliable 
data, however, especially not at the temperatures 
ranging up to 300 to be met with in service. The 
research, which was extended to other metals, 
naturally started from pure aluminium, particu- 
larly also because the determinations of the thermal 
conductivity of aluminium, made in relatively 
early days, showed certain anomalies probably due 
to the impurity of the metal. The determinations 
were made by an absolute method, the heat trans- 
mitted to a cylindrical rod being measured by a 
flow calorimeter, while the temperatures along the 
rod were determined by means of a series of thermo- 
junctions. The photograph, Fig. 2, illustrates the 
general arrangement. The rod, about 1} in. in 
diameter, 18 in. long, lying on the table in front, 
is ready for insertion in the apparatus (further 
behind) which is shown fully lagged and connected 
with the auxiliary devices, the cold-junction box 
and the potentiometer, for taking observations. 
The one end of the rod is heated by a wire coil ; 
the other end is tooled by a water coil ; the quantity 
of electric heat put in is equal to the sum of the 
heat carried away by the water and of the heat lost, 
and the temperature gradient along the rod is 
determined by the six thermocouples shown in 
position in the photograph. The novelty about 
these latter measurements is that Dr. Griffiths 
does not insert the two wires forming a couple into 
the same hole ; he drills two small holes diametrically 
opposite each other into the bar and fixes one wire 
in each hole by driving in a taper pin; the hot 
junction of the couple is thus formed by the cross- 
section of the bar. Iron-constantan couples were 
used, and the method admitted also of checking the 
accuracy of the correction for the heat lost through 
the lagging of the bar. It was found, as was 
expected, that pure aluminium conducts heat like 
other pure metals do, and that the thermal treat- 
ment of the various alloys has a considerable 
influence on their subsequent thermal properties. 
A su of the results obtained has been 
published and circulated by the Air Ministry to the 
manufacturing firms concerned. 

In collaboration with the Heating and Cooking 
Panel of the Engineering Standards Committee, 
efficiency tests have been developed of electrical 
hot plates and cooking stoves. These apparatus, 
roughly of the radiation and of the direct-contact 


types, differ largely in design and as much probably 
in efficiency. Another investigation, taken up on 
the instigation of the Food Department, is that 
of testing thermal insulation like cork, charcoal, 
&c., under cold storage conditions. An ammonia 
refrigerator has been installed in a basement of 
Bushy House, and brine is circulated through flat 
coils of lead piping (square in section), so as to 
supply cooling surfaces several feet in diameter ; 
mats of the insulator to be tested are placed over 
or near this coil and tested as in the previous work 
on heat insulations. 


(T'o be continued.) 





NOTES. 
British ScrentiFic Propucts Exursirion. 

Tue British Science Guild, with the assent of the 
Ministry of Munitions and the approval of the 
Board of Trade, is arranging for an exhibition to be 
held at King’s College, Strand, London, W.C., 
for four weeks, from August 12 to September 7. 
This is to be a display of products and appliances 
of scientific and industrial interest which, prior to 
the war, were obtained chiefly from enemy countries 
but are now produced in the United Kingdom. 
Other classes of products to be shown are those 
in the manufacture of which we excelled in this 
country even before the war and exported to enemy 
countries, and those we have developed on an 
extensive scale since the date when Germany started 
the war. In point of fact, the exhibition is destined 
to prove that by the combination of science and 
industry we have accomplished nearly as much 
in the four years of war as the Germans did in 
the preceding forty years. One of the main effects 
of the exhibition will be to make clear to all the 
necessity of scientific research with respect to the 
application of its results in the arts and industries. 
It will cover a very large variety of articles, includ- 
ing synthetic dyes; pigments; heavy chemicals ; 
pharmaceutical preparations; pure chemicals ; 
pyrometers ; electrical and electromagnetic appli- 
ances, with the special materials used in their 
manufacture; optical apparatus of all kinds; 
glass, quartz, refractories and porcelain for scientific 
and industrial purposes; dividing machines ; 
drawing, mathematical and surveying instruments, 
&c. Competent attendants will be appointed by the 
committee to give such explanation of the character 
and purpose of the exhibits as occasion may demand. 
Lectures and addresses are to be delivered dealing 
with important departments and features of the 
exhibition, the special aim of these lectures and 
addresses being to direct public attention to the 
vital necessity of developing the scientific industries 
and of applying the results obtained in scientific 
research to everyday practice. We feel confident 
that the exhibition will prove a success in that it 
will lead the public to see that our scientific men 
and our manufacturers can surpass German effort 
when conditions of development are favourable. 
We hope that all sections of the British community 
will contribute together to maintain for the future 
the independent position we have now achieved 
in the production of articles of prime importance 
not only for the home market but also for foreign 
markets, hitherto manufactured in or imported 
from enemy countries. The address of the British 
Science Guild is 82, Victoria-street, 8.W. 1, Mr. F. 8. 
Spiers being the organising secretary for the 
exhibition. 

THE CHEMISTRY AND METALLOGRAPHY OF 
ALUMINIUM. 

Two of the papers brought before the meeting 
of the Faraday Society, held on July 23 last, dealt 
with aluminium. The first, by Mr. John G. Rodin, 
F.L.C., “Contributions to the Chemistry of Alu- 
minium and its Alloys,” was largely analytical in 
character. As chemist of Messrs. H. I. Raphael’s 
Refinery, Mr. Rhodin has had to analyse tons of 
aluminium scrap and swarf (turnings, &c.), and as 
these alloys consist practically of aluminium with 
low or high percentages of zinc and copper, he 
successfully attempted to sort the metal by means 
of a gravity test. He observed that alloys con- 
taining from 4 per cent. up to 60 per cent. of these 
other two metals showed densities increasing from 





2-767 up to 3-519. As the aluminium percentage 
decreased, the rate of this rise in density was first 
rapid, diminishing afterwards; but Mr. Rhodin’s 
data were hardly sufficient to support the inflection- 
point in his density curve at about 76 per cent. Al 
to which he drew attention. As regards the 
chemical analysis of Al and its alloys he made the 
important statement that he had found a direct 
method of determining the metallic aluminium. 
So far there is no practical direct method known, 
and that is all the more regrettable since the indirect 
methods count all that is not copper, zinc, silicon, 
&c., in the alloys as metallic aluminium, whilst a 
good deal of the assumed aluminium may really be 
present as oxide ; there is always plenty of oxide 
in scrap in particular, but the determination of its 
percentage is very difficult. Mr. Rhodin stated that 
he can dissolve all the metallic aluminium in an 
alloy by caustic soda of 10 per cent. ; what remains 
insoluble consists of alumina and the other metals ; 
the residue is dissolved in nitric acid, and the 
solution is further analysed in the usual way. The 
residue might still contain some metallic aluminium, 
and oxide or basic carbonate might be formed 
during the process of dissolution ; but he had not 
overlooked that. Such a method would, as Dr. 
Rosenhain pointed out, be of very great value, but 
he had his doubts; while Dr. Seligman, Dr. Gwyer 
and others criticised the statements as inacceptable. 
Mr. Rhodin further considers that there are two 
aluminium oxides, a suboxide Al,O, and the oxide 
Al,0,; the latter he believes to be produced on 
burning the metal in air, and to form a solid solution 
with the metal. Mr. Rhodin claimed to have some 
evidence of having isolated Al,O,; the oxide is gene- 
rally given the formula Al,0;. It cannot be said, 
however, that his analyses were very convincing ; 
they were all brought up to the correct total 100-0 
by ascribing the difference to copper or zinc, &c., 
which should have been determined separately. 
Thus there is no check on his analyses. On the 
other hand, Mr. Gertin and others pointed out that 
Mr. Rhodin’s many analyses and other tests were 
concordant and had never been questioned by the 
interested parties. It is to be hoped that the matter 
will further be investigated. Mr. Rhodin is also 
engaged in specific heat tests which he performs with 
the aid of a calorimeter, the copper vessel of which 
is lowered into a vacuum veseel quite 2 ft. in height. 
Some interesting remarks on aluminium were made 
during the discussion. Dr. Rosenhain said that a 
certain percentage of iron in the aluminium, }$ per 
cent. and even 2 per cent., was not at all a dis- 
advantage, and Mr. C. Vautin showed an experiment 
with a blackish aluminium powder, which contained 
about 70 per cent. of metallic aluminium. When a 
small heap of this powder was placed on an iron 
tray, and lighted with an ordinary match—the 
granulated aluminium thermit of Goldschmidt 
requires lighting with a “cherry ” of some peroxide— 
it first glowed like charcoal, and then began to 
burn with an intense glow, but very quietly. Mr. 
Vautin suggested that the first glow probably 
produced the suboxide Al,O of Mr. Rhodin which 
subsequently burned to oxide or peroxide. So far 
the first paper. The second paper was by Mr. 
Robert J. Anderson, of Cleveland, Ohio, on the 
“Metallography of Aluminium, recrystallisation 
and grain growth, the result of deformation in the 
cold prior to annealing,” and gave further proof* 
that aluminium resembles other metals as regards 


annealing. 





German InpustTRIAL Boarps.—The increasing extent 
of overlapping and intermingling between German 
commercial, and financial undertakings has been further 
illustrated by some particulars just published. Herr 
Hugo Stinnes, who has been v mall sero the fore, is 
now a member of 45 boards, an increase of five during 
last year, and Herr Walther Rathenau, the president of 
the A.E.G., is now on 40 boards, an increase of one durin 
1917, There are, however, men with even larger totals 
to their credit ; thus Dr. Louis Hagen, Cologne, is on 
no less than 57 boards. Herr Kar! Fiirstenberg (Berliner 
Handel Ischaft) on 55 ; Dr. Georg Sohnssen (Disconto 
Gesellschaft) on 52; Dr. von Schwabach (of the Blei- 
chroder banking firm) on 48. Herr Oscar Schlitter 
Director of the Deutsche Bank) is on 38; and Herr 

ommerzienrath Peter Kléckner, Duisburg, is on 30. 





page 412 as to 


* See Enouveerine, April pm 1918, . 
@ paper on Anpening st uminium,’ communicat 
by Mr, Anderson to the Institute of Metals, 
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out ¥. Monaas De FIO 8. ns ‘essor of 

Applied Chemistry, City and Guilds Technical College, 

Finsbury. London: Longmans, Green and Co. 

[Price, 16s, net, bound.] 

Tue remarkable therapeutical potencies of organic 
arsenical com have so generally been dis- 
cussed of late, that the public may ascribe an 
essentially physiological im to the study 
of such compounds. To the chemist, the primary 
importance of this study lies in its wider, theoretical 
bearing. In some of these compounds arsenic 
replaces nitrogen. In the reactions of inorganic 
chemistry the two elements display close analogies. 
The living organism does not contain arsenical 
compounds, but organic arsenical compounds have 
been prepared, and they suggest novel analogy 
aspects. A slight deviation may help to explain 
the nature of the problems. 

The chief constituents of organic substances are 
carbon C, hydrogen H, oxygen O, nitrogen N. 
The hydrocarbons, gases like methane, the oils of 
petroleum, &c., consist merely of C and H; the 
carbohydrates, sugar, cellulose, &c., contain nothing 
but C, H, O. Many of these and other compounds 
are certainly organic in the sense that they are pro- 
duced in plants and animals, though they can also 
be prepared from their elements. Nitrogen seems 
to be indispensable to the living system in a special 
sense. While the plant is able to build up albu- 
menoids from nitrogen compounds, such as salts of 
ammonia, which certainly are of inorganic origin, 
the animal system does not appear to be able to 
exist and to build up the all-important proteins of 
the blood and tissues unless fed on nitrogen of 
organic origin. When Wohler succeeded, in 1828, 
in preparing urea, a secretion of the animal system, 
by starting from ammonium cyanate, a furnace 
product, the wall separating organic from inorganic 
chemistry seemed to be broken down. Other 
organic syntheses followed, first at a very slow rate, 
later in amazing numbers and variety. The terms 
organic and inorganic chemistry were retained 
merely for the more convenient classification of the 
multitudes of carbon compounds, and as the 
foundations of constitutional chemistry became 
more firmly established, the chemist felt tempted 
to investigate whether he could, in strictly organic 
compounds, replace one element by another closely 
related to it chemically; for instance, carbon by 
silicon, and nitrogen by arsenic. Nitrogen belongs 
to a group of elements which further comprises 
phosphorus (a non-metal), arsenic and antimony 
(metalloids), bismuth (a metal). In their physical 
properties these elements and their compounds differ 
widely; in their reactions, they follow analogous 
lines. The first discovery of organic arsenical com- 
pounds was accidental; later, the chemist began 
to study them for their own sake, and for the purpose 
of widening his theoretical horizon, and also with 
the object of investigating the effects of such 
compounds upon the human system. The former 
study should obviously precede the latter. But 
science advances in different directions, sometimes 
by leaps into the dark, and we are so ignorant 
about what is really goimg on in our system, that 
any promising line of research is eagerly taken up. 
On the whole, it would be better, we think, if 
physiological experiment followed the thorough 
chemical By dh physical investigation of a new 
compoun did: not precede it, as it uentl 
does still; that would prevent much — blun. 
dering and a good deal of suffering of animals. 
Unfortunately, the physiological and the chemical 
Fog are aa ds chaation hands, and neither 

chemist nor the physiologist sufficient heed 

to the physical side of the rotloms which ma 
supply the clue to their solutions. Schools of physio- 
logical chemists, men and women devoted to their 
science, have, however, grown up of late, and books 
like Professor Morgan’s “ Organic Compounds of 
Arsenic and Antimony ” will facilitate the work of 
these in 
PP ay! Morgan’s historical sketch of his section 
science is characteristically interesting ; oppor- 
tunities seem so often to have been missed. Nearly 
200 years ago the French chemist Hellot was 





informed that a German artist had extracted, by 
means of aqua fortis, a sympathetic ink from the 
mineral cobolt of the Schnecberg district in Silesia. 
The mineral was probably Glanzcobalt or smaltite, 
an arsenide of cobalt, nickel and iron, then already 
utilised as a raw material for making smalte (the 
blue ceramic pigment) and white arsenic. Twenty 
years later, in 1760, a military apothecary of Paris, 
L. Claude Cadet, still in search of a sympathetic ink, 
obtained from cobolt a liquid, the vapours of which 
had an intolerable stench and caught fire on 
exposure to air. The matter excited attention, 
but the essential constituent of Cadet’s fuming 
liquid, the heavy oil cacodyl (As(CH,),), was only 
isolated and studied by Bunsen in 1837, and its 
constitution further investigated by E. Frankland 
in 1849. Frankland’s intervention, Professor Morgan 
remarks, did not inspire many other English 
chemists to study the organic derivatives of arsenic, 
and the British contribution to this section of 
organic chemistry is of very modest dimensions. 
Extending Bunsen’s work, Baeyer, in 1858, prepared 
the new cacodyl or arrhenal, which Gautier first 
applied in the treatment of malaria in 1902. Mean- 
while, Léwig and Schweitzer, of Zurich, had synthe- 
sised the first organic derivative of antimony in 1850 ; 
Béchamp had prepared the first aromatic arsenical 
in 1860, which Schild and collaborators, in 1902, 
introduced into therapeutics under the name of 
atoxyl—the name indicates the comparatively non- 
poisonous character of the drug—and A. Michaelis, 
with La Coste and others, at Karlsruhe, and later at 
Rostock, early in the seventies, had entered upon the 
systematic study of aromatic derivatives of phos- 
phorus, arsenic and antimony. Still in the same 
year, 1902—Dr. Morgan does not draw attention 
to the recurrence—Thomas and Breinl, of the 
Liverpool School of Tropical Medicine, applied 
atoxyl with success in the treatment of sleeping 
sickness. 

These researches were the forerunners of Ehrlich’s 
great work. Atoxyl, whose real constitution was 
only disclosed by Ehrlich—it is sodium arsanilate, 
NH,.C,H,.As0(O H).O Na—and its homologues 
are derivatives of quinquevalent arsenic, in which 
the principal valencies of that element are fully 
saturated. Guided by Bunsen’s researches, Ehrlich 
recognised that aromatic compounds of tervalent 
arsenic are much more efficacious than those of 
quinquevalent arsenic in combating diseases like 
the sleeping sickness, relapsing fever and syphilis, 
attributed, not to bacteria, but to blood parasites 
of the protozoa type. In the case of the tse-tse fly 
disease and of the sleeping sickness, the parasites 
are tripanosomes, worm-like organisms, swimming 
about in the blood, whilst the much smaller para- 
sites of some other cattle diseases actually live in 
the red blood corpuscles. After many laborious 
experiments, Ehrlich, in 1909, found the 606th 
compound he investigated to be a strong syphilis 
specific, which was called salvarsan: it consists of 
two benzene rings doubly linked by the arsenic 
atoms in them: 

C,H,. NH,.OH. As = As.OH.NH,.C,H,,. 
The drug used is the dihydrochloride of this com- 
pound; in the application, the acid compound is 
neutralised with caustic soda, and injected into the 
veins. This application requires great care, and 
Ehriich, in 1911, brought out neosalvarsan, the 
methylene sulphonate of salvarsan, which is neutral 
and soluble in water. At the Medical Congress, 
held in London in 1913, he then announced that 
these aromatic arsenicals could be coupled with 
salts of the heavy metals (platinum, gold, silver, 
copper), thus reinforcing their germicidal action, 
whilst lessening the toxic effect on the patient. 
There is, of course, great danger in the use of all 
such remedies, and unexpected serious complications 


y|have sometimes arisen. Arsenical proteins, in 


which the characteristic arsenic reactions are 
masked, have also been prepared. 

Ebrlich started his researches together with 
Bertheim, Benda, Karrer and other collaborators, 
in the Georg Speyer Hospital, at Frankfurt, and 
continued them in the laboratories of the Hoechst 
Farbwerke, vormals Meister, Lucius und Briining ; 
most of the patents are in the name of this firm. 
It was only in quite recent years that the firm of 
Poulenc Fréres took up the manufacture of these 





remedies in France, and Messrs. Burroughs, Well- 
come and Co., long famous in therapeutical chemistry 
in this country; Messrs. May and Baker are con- 
nected with Poulenc Fréres. To these firms, and to 
their distinguished chemists, to Dr. W. H. Martin- 
dale, his collaborator in this field of research, and 
to Mr. E. Scholl, Professor Morgan expresses his 
particular indebtedness for assistance in preparing 
this publication. In France, Mouneyrat (the in- 
ventor of galyl) and Danysz (luargol) have lately 
been successful in the coupling reactions to which 
we referred. In America, Palmer and Dehn have, 
since 1894, developed new methods of preparing 
arsines, and the hexaminoarsino benzenes of 
Boehringer and Soehne are now receiving much 
attention because they form stable salts with soluble 
bicarbonates. Of English workers in this field not 
yet referred to, Drs. Plimmer and Pyman are fre- 
quently mentioned in the volume. 

All these researches are very ably reviewed by 
Professor Morgan in his octavo volume of 376 pages. 
The compounds are grouped under the headings, 
cacodyl, aliphatic arsenicals and antimonials, aro- 
matic arsenicals, atoxyl and the Béchamp reaction, 
salvarsan, &c. It is a scholarly work, practically 
unique. The previous compilations, by Bertheim, 
by Nierenstein and by Dr. Morgan himself, did not 
cover the whole ground, and it is noteworthy in these 
days that Dr. Morgan has brought up the biblio- 
graphy (10 pages) to the end of 1917. He writes 
for the chemist, of course ; the physiological actions 
of the compounds are duly pointed out, but he 
could not deal with the physiological investigations, 
and the two excellent indexes (15 pages of names 
and subjects) do not contain such entries as malaria. 
With the possible exception of diethylarsine, which 
is produced by the growth of moulds on carpets 
and wall-papers containing arsenical pigments, all 
the compounds in question are synthetic laboratory 
products. Nature does not supply them any more 
than it substitutes silicon for carbon in plants and 
animals, a subject on which we recently commented.* 
The efficacy of the remedies may partly be due to 
their being altogether foreign to the human system, 
and physiological considerations will call forth new 
efforts. But the chemist requires no incentive for 
the study of organic arsenicals. 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 


MAY. 


(5542) 


JUNE. 





JULY. 


Norz.—In the diagram above the figures plotted for tin and copper are the official closing cash 


quotations of the London Metal Exchange, as far as 


have been reported, for “ fine foreign” and 


the 
‘‘ standard” metal respectively. The prices shown for nee are for English metal, whilst those for spelter 
are for American metal. The prices are per ton. The price of tin-plates is per box of I.C. cokes free 
on board at Welsh ports. Each vertical line in the diagram represents a market-day, and the hori- 
zonta] lines represent ll. each, except in the case of the diagram relating to tin-plates, where they 
represent ls, each. On July 7, 1916, the Minister of Munitions issued a list of maximum prices and 


regulations governing the d 


regulations see page 45, vol. cii.) 








British Fvet Orm.—The question of the production 
of fuel oil from home sources has been investigated by 
a committee appointed by the Minister of Munitions, 
and under the chairmanship of the Marquess of Crewe. 
The report, just issued, states that the best method is the 
carbonisation of cannel coal in existing vertical retorts 
at gas works, although no very largely increased quantity 
of oil ¢an be obtained from this source during the war 
owing to difficulties of labour, coal transport, &c. The 
Petroleum Research Department had recommended the 
erection of batteries of a form of low temperature retort 
for the carbonisation of cannel coal, but an experimental 





ealing in certain metals, &o.; thus the price of hematite pig iron was fixed 
at 61. 2s. 6d., Scotch at 51. 14s., and Cleveland at 4/. lls, 6d. per ton. 
Ill. 10s., and heavy steel rails at 10/1. 17s. 6d. per ton. 


Ship-plates were priced at 
These quotations are still in force, (For official 


investigation of low temperature processes by the 
Ministry has proved that the suggestion was impracticable 
on the grounds of expense, shortage of labour, time 
involved, and the fact that the mineral is not available 
in the quantities which the first investigations indicated, 
The committee indicates other sources of supply as 
available in the future. These sources include boring for 
oil in Great Britain, the further development of the 
Scottish shale oil industry, and the increased carbonisa- 
tion of raw coal. In this latter connection the report 
states that some 1,250,000 tons of fuel oil might be 
obtained from every 20,000,000 tons of coal carbonised. 





IMPERIAL MINERAL RESOURCES BUREAU. 


At the ay me War Conference last year it was agreed 
that it was irable to take steps to set up an Imperial 
Mineral Resources Bureau, which should be charged with 
the duties of collecting information from the appropriate 
departments of the Govennessnte concerned and from 
other sources, regarding the mineral resources and metal 
requirements of the Empire; and of advising from time 
to time what action, if any, may appear to be desirable 
to enable such resources to be y +t lhe and made 
available to meet the metal requirements of the Empire. 
Soe a special committée under the chair- 
manship of Sir Jas. Stevenson, Bart., was appointed to 
examine this proposal and to report upon the duties and 
administrative responsibilities of the pro bureau. 
The committee defined the duties of the bureau as 
follows :— 

(a) To collect, co-ordinate and disseminate information 
as to resources, production, treatment, consumption and 

uirements of every mineral and metal of economic 
value. 

(6) To ascertain the scope of the existing agencies, 
with a view ultimately to avoid any unnecessary over- 
lapping that may prevail. 

(c) To devise means whereby the existing agencies 
can, if necessary, be assisted and improved in the 
a of their respective tasks. 

(4) To supplement those agencies, if necessary, in order 
to obtain any information not now collected which may 
be required for the pur of the bureau. 

(e) To advise on the development of the mineral 
resources of the Empire or of particular parts thereof, 
in order that = resources may be — available for 
the purposes o rial defence or industry. 

Alter consideration of the rt of this committee, 
the Government instructed the Minister of Recon- 
struction, in consultation with the Secretaries of State 
for the Colonies and India, to take the necessary action 
to give effect to the recommendations of the Imperial 
Conference and the findings of the committee. Detailed 
pro ls were accordingly submitted to the Dominion 
and Indian Governments, who nominated their repre- 
sentatives on the governing body of the bureau, and the 
general scheme of the bureau has now been finally 
ratified by the Imperial Conferencé, 

The bureau will be incorporated by Royal Charter, 
and the governing body, which will be under the presi- 
dency of the Lord President of the Council will consist 
of the following gentlemen :— 

Sir Richard mayne, K.C.B., chairman. Nominated 
by the Canadian Government: Dr. Willet G. Miller. 

ominated by the Government of the Commonwealth of 
Australia: Mr. W. 8. Robinson. Nominated by the 
Government of New Zealand: Mr. Thomhs Hutchinson 
Hamer, of the High Commissioner’s Office. Nominated 
by the Union of South Africa: The Right Hon. W. P. 
Schreiner, C.M.G. Nominated by the Government of 
Newfoundland : The Right Hon. Lord Morris, K.C.M.G. 
Nominated by the Government of India: Mr. R. D. 
Oldham, F.R.8. Nominated by the Secretary of State 
for the Colonies: Mr. J. . Evans, D.Se., LL.B. 
Nominated by the Minister of Reconstruction (in con- 
sultation with the Institution of Mining and Metallurgy, 
the Institution of Metals, the Iron and Steel Institute 
and the Institution of Mining Engineers): Mr. 
W. Forster Brown, Mineral Adviser to H.M. Woods and 
Forests; Professor H. C. H. Ca ter, President of 
the Institute of Metals; Dr. F. H. Hatch, Member of 
Mineral Resources Advisory Committee of the Imperial 
Institute; Sir Lionel Phillips, Bart., lately Director 
of the Mineral Resources velopment Department, 
Ministry of Munitions; Mr. Edgar Taylor, ex-president 
of the itute of Mining and Metallurgy ; Mr. Wallace 
Thorneycroft, president of the Institution of Minin 
Engineers. Mr. Arnold D. McNair has been appoint 
secretary. 

All communications regarding the bureau should be 
addressed to the Secretary, Imperial Mineral Resources 
Bureau, Holborn Viaduct Hotel, E.C. 





Business tn Netuertanps Inp1a.—We read in 
The London and China Telegraph that ‘‘ Notwithstanding 
the material difficulties caused by the a abnormal 
conditions, the Acting Vice-Consul at Sourabaya states 
that British merchants, planters and engineers have 
succeeded in strengthening their position and in several 
cases have even been able to break new ground in the 
Netherlands East Indies. An instance of this is the 
granting by the Government of a contract to supply the 
pipe lines for the Buitenzorg waterworks to a British 
firm in Sourabaya. He adds, however, that it is a 
matter for regret that more energy is not being displayed 
in canvassing for post war trade, ially in her lines 
as the British industry will be eminently well adapted 
to supply, and which even to-day are almost entirely 
in the hands of enemy firms. A case in point is the huge 
trade done in cutlery, which, to all intents and purposes, 
is a German monopoly. The very large stocks held by 
enemy firms at the outbreak of war have enabled them 
not only to make large profits, but also to k their 
trade-marks before the middlemen, and, while the 
German houses are doing everything in their power to 
get contracts or promises of contracts for delivery after 
the war, nothing is done on our side to capture an 
extremely valuable trade, but one which, owing to local 
conditions and the peculiarities of the natives’ taste, 
needs careful preliminary study. Germans are to be 
found in every walk of life all over the Netherlands 
East Indies. e number of Englishmen is in no way 
proportionate to the enormous British capital and tradin 
interests in these islands. Although 70 per cent. o' 
the capital invested in rubber is British, British planters 
are extremely few. 
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-BLOWER FOR WATER-TUBE BOILER PLANT AT BRISTOL ELECTRICITY WORKS. 


CONSTRUCTED BY MR. JOHN THOMPSON, ENGINEER, WOLVERHAMPTON. 
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On ‘our two-page plate and on this page we give 
illustrations of water-tube boilers recently installed at 
the electricity works of the Bristol Corporation by Mr. 
John Thompson, Wolverhampton. The plant was 
ordered by Mr. H. Faraday Procter, M.Inst. C.E., Chief 
Engineer of the Corporation Electricity Department, 
after a careful inquiry into the record of boilers con- 
structed by the same firm in service elsewhere. The 
new plant constitutes an important extension to the 
existing battery of steam generators and comprises four 
boilers complete with stokers, superheaters, economisers 
and the plant for induced and forced draught, in addi- 
tion to the whole of the accessories. The contract 


included, moreover, all builders’ work above the level | 


of the concrete float. The general lay-out is very clearly 
shown in Figs. 1 to 6, Plate XII, whilst additional 
details as to the arrangements for induced draught are 
represented above. 

Each boiler has a heating surface of 5,400 sq. ft. 
and is designed to supply steam at a working pressure 
of 200 lb. per square inch and at a superheat of 
200 deg. F. Automatic stokers of the travelling 
chain-grate type have been adopted, the grate area 
for each boiler being 116 sq. ft. 

As best seen perhaps in Figs. 1 and 3 the four boilers 
are arranged in pairs, and behind each pair an econo- 
miser is fitted, the arrangement being as shown in 
Fig. 4. These economisers ha’-e each 288 tubes 11 ft. 


long. . 

Bach pair of boilers is served with a 55-in. induced- 
draught fan as indicated in Figs. 1, 2 and 4, some 
details being shown to a larger scale in Figs. 7 to 13, 
above. Both fans exhaust into the same chimney, 
which is 8 ft. 6in. in diameter; the lower portion of 
this chimney separates the two economisers, and for a 
height of 30 ft. it is built of brickwork, the remaining 
35 ft. being constructed of mild steel plates. A 
division plate separates the gases from the one pair of 
boilers from those coming from the other pair. The 
fans are carried on a platform immediately over the 
top of the economisers, but at such a level as not to 





interfere with the removal of the economiser tubes 
when necessary. Each fan is driven by a 60 brake 
horse-power, variable-speed motor. 

With a view to ensuring a maximum of accessibility 
the whole of the boiler plant is carried on concrete 
arches sprung between steel girders. This arrangement 
permits of ready access to the under parts of the 
boilers, stokers and economisers, and greatly facilitates 
the removal of soot and ashes. Special gear has been 
provided to deal with the soot which accumulates in the 
economiser pits, which can accordingly be removed 
without interrupting the working of the plant. For 
the present the boilers are being operated with 
bituminous coal, but coke breeze can be used should 
| this prove desirable and without any alteration to the 
| plant. 
| A special feature of the boilers is the use of 
| straight tubes which, as shown in Fig. 5, are expanded 
| into flats pressed in the plating of the upper and lower 
|drums. The use of straight tubes reduces the number 
| of spares which it is necessary to keep in stock. Owing 
| to the fact that the tubes are nearly vertical, deposits 

are, it is stated, not retained in them, but collect in 
the lower drums. Any tube in the boiler can be 
| removed and replaced without disturbing any adjacent 
| or other tube, 

| With this design of boiler it is possible to carry very 
great overloads, as much as 9} lb. of water per square 
|foot of heating surface being evaporated; this per- 
|formance could have been extended but for the fact 
| that when evaporating 9} lb. the stokers were working 
lat their utmost capacity. This proves the elasticity 
of the boiler and its capacity as a steam generator. 
When evaporating as much as 6 lb. of water per square 
foot of heating surface, the builders have been able to 
| maintain a maximum efficieney. 











| Prrwoop Orpsr, 1918.—An important new Order 
| by the Board of Trade specifies the areas from which 

mining districts may draw their supplies of pitwood and 
| also. fixes maximum prices, both for imported and home- 
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grown pitwood, coming into force at @nce. Permits 
from the Controller of Timber Supplies will be necessary 
on and after August 12 before pitwood can be moved 
from one of the areas to another. Inquiries should be 
addressed to the Controller of Timber Supplies, 84, 
Newman-street, Oxford-street, London, W. 1, and 
envelopes should be marked “‘ Pitwood Order, 1918.” 
The Order is printed in full in The Board of Trade Journal 
and will shortly be on sale through booksellers or direct 
97 His Majesty’s Stationery Office, Kingsway, London, 
; 9 





“Tre Fryrnc Boox.”—We have received a copy 
of “The Flying Book” for 1918, which is edited by 
Mr. W. L. Wade and is published at the price of 5s. net 
by Messrs. Longmans, Green and Co., 39, Paternoster- 
row, E.C. It opens with a series of very interesting 
articles on aeroplanes in war, naval and commercial 
aeronautics, aeroplane design and construction, aero- 
engines, airships, &c. The various machines are illus- 
trated by diagrams, and particulars are given concerning 
them as far as the present state of war makes that 
possible in the case of machines of the Allies. The book 
contains industrial directories of British, American, 
French and Italian manufacturers ; and ‘‘ Who’s Who” 
in aeronautics ; a glossary of. aeronautical terms ; other 
useful information on flying machines and 15 plates. 





DanisH AEROPLANE SERvICE.—Both the Aeronautic 
Society and the Danish Air Traffic Company, some time 
last year applied to the Danish Government for their 
support in the furtherance of aeronautic service, by 
means of legislative measures. Similar applications from 
the proper quarters were made to the a and the 
Swedish Government. Both the i military 
authorities and the Traffic Department have filed their 
statements on the subject, and the Danish Government 
has now appointed a commission to report on the chances 
of using aeroplanes or similar appliances in the service 
of the community, on the transport of mail and of 
passengers within the country, on the-rules which shall 
apply to the use of aeroplanes for this , on the 
expenditure it will entail for the exchequer and on the 
general regulations which will be needed for this new 
kind of- traffic. - , 
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THE HEAVY OIL ENGINE.* 


By Cuar.es E. Lucke, Professor of Mechanical 
Engineering, Columbia University, New York City. 


Tue heavy oil engine is of particular interest at this 
time because those who are familiar with the ee 
believe a change is coming in the situation. It is my 
intention to present, in a more or less informal way, 
some of the ideas involved in the development up to the 
present time and also those which lead us to believe that 
a change is about to take place, and in about what 
direction. What I say is somewhat in the nature of a 
prediction, although he is a bold man who undertakes 
to make a prediction on these matters. Nevertheless, 
I am inclined to have a little more confidence than usual 
because about a year ago I talked to you here about 
aeronautical engines, and showed those who were not 
already familiar with that fact from what a chaotic state 
the art of aeronautical engine construction was then 
emerging, and ventured to lay down some general lines 
of practice that seemed to be proper and a good basis 
for future work to follow. 

Since that time this country has been drawn into the 
great war, and likewise since then the Liberty motor has 
been designed and put on a manufacturing basis. A 
good many ideas that were presented a year ago before 
the inception of that motor, and before there were 
standards of any kind, have been incorporated in it. 
A number of the things which were then not standard 
and which were recommended as standard have since 
become standard. 

I feel, therefore, somewhat more confident in the sort 
of prediction to be made to-night on the heavy oil 
engine, 

t may be of interest for me also to say here that as a 
result of the war my entire time, to the exclusion of all 
other things, has been devoted to the subject of internal- 
combustion engines for the navy service. The Navy 
Department has established at Columbia—about the 
Mechanical Engineering Department, as a nucleus— 
the official United States Navy Gas Engine School, and 
over 900 men have been given, all without any internal- 
combustion experience befcre they came, a four weeks’ 
finishing course of training and have been turned out 
into the service. Of those men, the leading engineers 
of over 200 of the submarine chasers form a part. That 
work is now going on and will continue until all these 
boats have been manned with trained men. 

It is interesting to note, also, that these boats were 
non-existent a year ago; they did not even exist com- 
pletely on paper, and before a year will have passed from 
the time when they were paper things there will have 
been completed, and in the water and completely manned 
and officered by trained men, over 300 of them. Even 
though that is a small matter in the naval programme, 
it is nevertheless an accomplishment that all ought to 
feel proud of. 

The gas engine school at Columbia University is also 
now undertaking to train the engineers and leading 
mechanics to take charge of the motors for the navy 
foreign flying base station service. I mention that 
because I want something from you in that connection ; 
to help secure fine, competent internal-combustion 
engine men who are also machinists, and therefore the 
kind of men that can safely be trusted with the enormous 
responsibility of proper maintenance of an aeronautical 
motor, the failure of which may cause the sacrifice of life. 
We will not undertake to train any man who is not 
at the start a pretty good man—at least from the 
experience standpoint. e are not finding these men 
at the present time as fast as we need them, so I am 
mentioning this fact with the idea that those of you 
who are here and who know such men will let me have 
their names, or at least tell them to apply for that class 
of service, if they like it, and I will see what can be done 
to bring them in. The leading men will receive the 
rank of Ensign in Class 5, the Naval Reserve Flying 
Corps, and will have the job of Engineer Officer. 

To retdirn to the subject, the heavy oil engine. The 
heavy oil engine in this country has never amounted to 
very much. That fact itself should prompt some 
inquiry, because this country is the home of petroleum. 

e heavy oil engine as an internal-combustion engine 
has so far proved itself to be capable of the highest 
known thermal efficiency in transforming the heat of 
combustion into work. Efficiencies approaching 40 per 
cent, are normal, and in some rare cases this is exceeded. 
This is not equalled by any other system that has ever 
been produced. 

Putting those two facts side by side, you will see a 
cause for wonder at once. Here is America producin 
more petroleum than any other country in the world, an 
doing it for a long time back—something like fifty 
years—and yet the motor that operates with this oil— 
the most efficient known—the heavy oil engine in this land 
of petroleum is, compared with other classes of machinery, 
practically a failure. It is a failure in the sense that the 
business of producing it has not expanded materially, 
and it has been in general an unprofitable business. No 
one in this country has made much, if any, money in 
building oil engines, and a great reer A who have thought 
of going into the business with excellent prospects, good 
plans, and plenty of capital behind them finally decided 
not to do so on the record of failure to produce dividends 
on the part of those who are already in. 

There has been from the beginning great interest in 
the oil engine. It is a thing attractive to the mind. 
Everybody thinks about it. » a et, on the commercial 
side, there has been very little demand—not sufficient 
demand anywhere to warrant any really large establish- 
ment confining itself to the production of oil engines 
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with a competent ineering staff and research di 

ment such as would be necessary to do the thing right. 
This lack of demand is rather difficult to explain, but it 
is nevertheless real. Assume it to be a fact, without 
investigation, and put it down as the first of the various 
causes for lack of development. The next cause is the 
fact that this is the land of petroleum, and therefore 
the land where petroleum and its products are held in 
least value. In other words, we are prodigal of petroleum 
and have not the inducement, by reason of our multiple 
supply, to economise it. In the place where oil is so 
plentiful naturally it is not regarded as a valuable 
product—not nearly so much as in a distant country, 
where its cost is high. . That fact makes the high efficiency 
mentioned before lose its attractions, and when it is 
remembered that the machine to produce this high 
efficiency is a costly machine, therein lie the elements 
of financial balance that turns the wrong way. 

The cost of power, when it is the controlling factor— 
and that is usually the case in stationary installations— 
is made up of two charges: fixed and operating. The 
fixed charges are based primarily on the first cost of the 
engine, and the heavy oil engine has always been an 
expensive engine—never less than 60 dols. per horse- 
power and often as much as 80 dols. per horse-power. 
On the other side is the operating expense, the principal 
item of which usually is the cost of fuel. The more 
highly efficient is the engine, in fuel consumption, the 
less will be the fuel cost per horse-power hour, and 
therefore the more prominently this heavy fixed charge 
will stand out. 

In all cases where the cost of power is the controlling 
factor these financial facts are to be laid beside the fact 
of the lack of demand for these oilengines. Nevertheless, 
as time goes on, inventors, designers, and research men 
are not deterred from trying out schemes, so that, in spite 
of this lack of financial and business encouragement, 
there is a very considerable degree of progress—much 
slower than it ought to be, but nevertheless real. 
Unfortunately, in this case the public in general is not 
informed about this progress, and therefore when, due 
to a change in economic conditions, the time comes to 
make use of all the available information on the subject, 
we suddenly wake up to the fact that it is in the hands of 
a few people, and the rest of the public knows nothing 
about it, 

The present is a time of change, and there are two 
reasons forthat. In the first place, the war has brought 
about a shipping situation which is unprecedented in the 
history of the world. There is a demand for ships to-day 
such as never existed before, but there is at the same 
time just as real and as strong a demand for the men to 
run those ships. The heavy oil engine is one of the 
various possible ways of driving a ship, providing the ship 
be not too large. Its fuel economy is a direct value in 
ship operation, since it gives a larger cruising radius 
or the maximum possible cargo capacity. It, further- 
more, is peculiarly adapted to a ship, in view of the fact 
that we are facing a labour shortage in ship operation, 
and the heavy oil engine ship can be operated with less 
men below the deck than any other type of vessel ever 

roduced—except, of course, the canal ‘gnsdtins boat. 

he war, then, has brought to our attention this heavy 
oil engine as a possible motive power for the smaller 
of these new merchant vessels as well as naval vessels, 
though more merchant than naval. And it is a fact 
that shipping people are considering this question to-day 
all over the country, but most of them are afraid to act. 
They would like to, as near as I can find out by talking 
to them, but they are afraid to act. To my mind the 
time is not far distant when they will have to act, or lose 
something by not acting. 

Aside from the shipping situation, there is another 
reason, and that is the economic reason of an appreciation 
of the value of this wonderful fuel that Nature has placed 
beneath our country’s land surface. This fuel ‘is 
peculiarly adapted to this sort of use: the generation 
of power in internal-combustion engines directly, with 
the highest possible efficiency and the least possible man 
attendance. Fuel has been wasted in this country, 
especially in that region near the oil fields, just because 
it was plentiful. evertheless, we are coming to the 
point when the people—if not the people, certainly the 
Government—will be compelled to force the abandon- 
ment of the use of this fuel for all purposes where other 
kinds of fuel that can be had in more plentiful supplies 
would do as well. When you consider that oil or 
petesionm is the only kind of fuel that can be used in the 

igh efficiency engine, then it becomes clear that to burn 
it to warm a living-room where charcoal or wood or coal 
of any grade would do quite as well is to commit a sort 
of economic crime. That feeling and the financial 
consequences of not acting upon the realisation of that 
situation will come to a climax before very long, and 
result in a plan for conservation of our liquid fuel or 
petroleum supply. so that it shall be used for only those 
urposes for which it is peculiarly adapted and be barred 
rom all other uses where other things will suffice. In 
the natural course of events people wait for prices to 
bring such a situation about, but this is not a time that 
properly is classifiable as belonging in the natural course 
of events. This is a time which is distinctly abnormal 
and unnatural. We hear every day plans proposed 
and turned down because there is no precedent, with 
always the rejoinder that here we are in a great war 
for which there is no precedent, so why follow precedents 
in other things ? e have been forced to change in a 
thousand-and-one things, so let us change in a thousand- 
and-two things, and do it A eau 

I could expand to considerable length along the lines 
of the economic situation with regard to the use of oil 
and the peculiar adaptability of oil in the internal- 
combustion engine, and the particular adaptability of 
that class of engine to the ship service, but I want you 
to realise that there is another field also where there 





‘is a demand slowly but surely growing up, and that all 
these separate demands, coupled with the growing change 
in the economic situation, must certainly, one piling on 

of the other, ‘ae a new condition which I foresee. 

© have a real gasoline automobile industry, and it is 

ming a great manufacturing industry, but it is 
to-day tied up to and inherently dependent upon the 
lighter petroleum distillates. re is no highly 
economical gasoline or kerosene ine, and every reason 
leads us to believe fundamentally that none can be 
produced on the present system. To make our auto- 
mobiles and motor trucks and tractors run, and to make 
our available sources of fuel supply last, there seems 
to be only one solution, and the leading engineers and 
mechanics in the automobile industry are beginning 
to talk about that solution : the adaptation of the heavy 
oil type of engine to the high- class of service 
which such as the automobile the tractor require. 
It is coming; there can be no question about it. If 
anybody is able to-day to produce the high-speed type 
of engine necessary, even though it costs more money 
to build, rest assured it will be adopted very quickly. 

There is a third field, and that is the field of direct- 
connected electric generating sets. For a long time in 
the gas-engine business we built engines to drive genera- 
tors in a kind of haphazard fashion, As time went on 
a particular type of outfit began to appear—a direct- 
connected, high-speed generating set, with engine and 
generator on one base, self-contained, the best example 
of which, on a small scale, is the Delco lighting outfit, 
which is being sold at the rate of over 50,000 sets a year 
now, alloverthe country districts. There are correspond- 
ing units of other designs in larger sizes. The fact that 
these sets are generally confined to gasoline limits their 
use, because in many places line is fe to use ; 
in other places it is not obtainable ; in still others the cost 
of it is prohibitive. It is apparent that if we had the 
heavy oil engine adapted to that class of high-speed, 
multicylinder service, and with the necessary degree of 
pagmatien. it would open up still another field. 

© in the field of application of the heavy oil engine I 
see just ready to be invaded these three things: First, a 
widened use for ships; second, a new use in the auto- 
mobile type of motor ; third, a co ding new use for 
direct-connected, high-speed electric generating sets. 
Whether they be used on land or aboard ship, it does not 
matter. If they are designed right they are serviceable 
in either place. 

It is of interest, and particularly pertinent here, to 
review some of the ideas that have been develo to 
date, and some of the suggestions available as lines of 
possible development in the direction of real progress. 
And this review I divide, for the purpose of clarification, 
into two topics—functional and structural. 

Under the functional come all those 
nected with the supply of air, the supply of oil, the 
establishment of the proper relations between the oil 
and air to give the desired control of combustion after 
the necessary compression—in fact, all those physical 
processes involved directly in the development of the 
power within the cylinder. 

Under the head of structural would come all those 
principles of type arrangements or typical part forms, 
and proper proportions of the metal structure that houses 
these physical processes and there prod a hi 

The first item under the functional discussion is 
that of charging the cylinder with air, and this is carried 
out by either the so-called and well-understood 4-cycle 
system of two valves per cylinder, or by any one of 
several 2-cycle schemes. Of the 2-cycle schemes there are 
a number, First we have the ordinary crank-case 
pre-compression chamber, which is barred from any 
engine of more than diminutive size, because the closing 
of the crank-case prevents access to the working parts, 
in addition to imposing other bad conditions. 6 first 
step in avoiding the difficulties of the closed crank-case, 
which are prohibitive in any real engine, comes when 
the connecting rod and cran ft are left open and the 
front end of the cylinder closed, the front end acting as 
a pre-compression or air-charging chamber in conjunction 
with an air reservoir, which is necessary, so that the 
pressure in the front end of the cylinder cannot rise 
too high. 

This front-end compression arrangement has certain 
faults that have led to the design and more wide use of 
others. For example, it is not possible in the oil engine 
of the 2-cycle sort, with the front-end pre-compression 
chamber, to put into the motor end a volume of air equal 
to the piston displacement : the volume must necessarily 
be less than the piston displ t ed at 
poenareenne pressure. That being the case, some of the 
burned gases or products of combustion eannot be 
expelled, and, at the same time, the residue is hotter 
than it otherwise would be. To correct that, the 
alternative schemes of a step piston or a separate 
scavenging pump have been ——o more particularly 
the latter. The step piston is the of the scavenging 
schemes, and is a scavenging scheme because the volume 
swept through by the step of the piston may be made 
larger than the volume swept t by the motor 
piston proper, and the excess of this displacement is the 

ing displ it more air can 
charge than can 
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scaV ig t 
be put into the motor cylinder per 
possibly stay there at atmospheric re. This being 
the case, the burned gases may more completely 
expelled, and, what is much more important, the residue 
of the gases left there would be much cooler before 
the next compression starts, 

is step piston has certain faulte of a structural 
nature which need not be detailed, but which are 
responsible for the wide use of the alternative scavenging 
scheme of a separate low-pressure com r, built 
somewhat along the lines of the old-fashioned blowing 
engine. This arrangement is Te double-acting, 80 
that one such scavenging pump serve two single- 
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acting 2-cycle motor cylinders. With it the 2-cycle 
engine can then be made to perform all the things that 
the 4-cycle engine can do, e t as to the negative 
work involved in the pre-compression of that surplus air ; 
80 that, while the two engines may perform somewhat 
the same, the 2-cycle form will be necessarily less 
efficient by the lost or negative work, and, at the same 
time, some of the so-called simplicity of the 2-cycle 
angine has disappeared. So completel 
appeared that it will be found that the weight per 
horse-power has grown in the 2-cycle to be substantially 
the same as the weight per horse-power in the 4-cycle. 





That is to say, when you start with the simple 2-cycle 
idea with the h of getting half the weight per horse- 
power, because of twice the number of impulses from the 


same amount of metal, then you have to add this and 
that and the other thing, and by the time you have got 
through adding enough to make it a real working engine 
the weights of both types are just about the same. 
Therefore the 2-cycle as compared with the — as 
to weight, might be called substantially equal. But 
there is an inequality in another direction. The 2-cycle, 
acting with more impulses per minute in the same 
volume, will run hotter and load the same sized bearings 
to a higher average bearing pressure, and, as a conse- 
quence, size for size, the 2-cycle will give more trouble 
with burnt pistons and overheated bearings than the 
corresponding 4-cycle. These are just a few of the 
reasons why this much-mooted question of 2-cycle 
versus 4-cycle as a means of air charging remains a 
controversial matter rather than one of settled engineer- 
ing practice. My ‘own 1 opinion about the 
matter is this : t in the smaller size, let us say up 
to 100 h.p., or 200 h.p. maximum, the simpler form of 
2-cycle, not with the separate scavenging pump, is a 
rather good thing and practical. In the next range 
of sizes, from, let us say, 500 h.p., the 4-cycle works out 
best in the] run, and from that point up the pendulum 
swings the other way toward 2-cycle with scavenging 
pumps as matters stand to-day. But in the larger sizes 
the art is most undeveloped, and most of the uncertainty 
as to what is the proper engineering practice concentrates 
right there. 

The next item under the functional discussion is the 
introduction of the oil, to form either an explosive 
mixture for explosive combustion or to prevent the 
forming of an explosive mixture so that the oil may 
burn non-explosively. Before examining the means of 
introducing and controlling combustion of the oil, 
I want to point out the fundamental and controlling 
value of a compression before injection on the one hand, 
and of the rate of oil burning following the right amount 
of compression, on the other. Consider the former point 
first. It can be demonstrated, and it is pretty generally 
understood now without demonstration, that, other things 
being equal, the more the air charge is compressed before 
the introduction of the oil the higher the mean effective 
pressure will be; and that, of course, is a prime factor 
in power and, at the same time, the higher the efficiency, 
or smaller the fuel consumption. It may therefore be 
said with practically no reservation that in an oil ine 
as much compression should be carried as is possible. 
But that is not all. After the compression has been 
completed, the oil must be introduced either at that 
time or just previously, so as to produce a suitable 
and proper combustion line of one of the two characteristic 
ty or mixed. 

he two characteristic types of combustion line are, 
first, the vertical combustion line produced by an 
explosive mixture, and, second, the horizontal com- 
bustion line produced by a gradual introduction of the 
oil, the oil burning as it comes in, and which latter system 
has been called the Diesel system. It is clear, of course, 
that we might burn part of the oil explosively, raising 
the pressure a fraction of the maximum, and burn the 
rest non-explosively, without further change of pressure. 
Or we might have such a slow introduction of oil as to 
cause the combustion line to drop as the piston moves 
out on the working stroke. The twot ti 
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will give twice the efficiency of the Diesel—not at all. 
They can be made exactly equal in efficiencies and fuel 
consumptions with selective compressions, but when the 
compression is thus selected to do that ras it will 
require twice the, compression with the Diesel as will 
be required with the Otto arr ent. 

This is particularly interesting when you consider 
that fully 90 per cent. of all the development work that 
been done with this heavy oil engine has been done 
with the less promising Diesel cycle, and the v 

romising Otto cycle has been almost entirely neglected. 
Fay it has been neglected, and yet I do not mean that. 
It has not been neglected by those people who under- 
stood the possibilities—the students of this subject. 
It has not attained the popularity or the standing in a 
commercial way of the Diesel. 

In this functional study the next important considera- 
tion is the compression itself, and the relation between 
the degree of compression and the mode of combustion, 
or control of combustion. The oil has to be ignited, and 
there are various ways of igniting it. It must not, how- 
ever, be ignited until the right time comes; that is, not 
until a sufficient degree of compression has been executed 
—whatever is desired. Therefore there must be an 
igniter, and the ignition, as a process, must be under 
control. Now, the ignition, will always take place 
whenever any fuel in contact with air reaches the ignition 
temperature. The air under compression is rising in 
temperature and is approaching or passing the ignition 
temperature in that process of compression. Somewhere 
or another in the process of compression, if it be carried 
far enough, ignition temperature will be established, 
and ignition will inevitably occur, if there is any oil in 
contact with the air. 

It is therefore essential, in considering the limit of 
compression in its relation to the introduction of oil, to 
have some kind of mental picture, and preferably exact 
figures, as to the way in which the temperature rises in 
compression, especially wth reference to the ignition 
temperature as a basis of reference. 

e ignition temperature of these heavy oils is a 
somewhat uncertain physical constant, but from my 
experience I am inclined to think this is very close to 
950 deg. F., or near enough to that for practical purposes. 

To bring this matter before you I have prepared a 
little table here (see table below). This table shows 
at the left, first column, initial air temperatures of 
from 200 deg. F. to 600 deg. F. before compression. Start- 
ing with these temperatures, then, to reach ignition tem- 

rature it would be necessary to have the compressions 
indicated in columns 2 and 3. To reach temperature 
of 200 deg. less than ignition temperature the com- 
pression would be as shown in columns 3 and 4. To 
reach a temperature of 200 deg. F. over ignition tempera- 
ture the compressions required are shown in columns 
5 and 6. Or, for 400 deg. F. over ignition temperature, 
the compressions of columns 7 and 8. 

To explain further, starting with atmospheric air ata 
temperature of, say, 70 deg. F. in an engine-room, it is 
drawn into a cylinder, and is bound to become somewhat 
heated on its way. It will become heated by contact 
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Compression, Pounds/Square Inch above Atmosphere 
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line are (a) the vertical explosive, and (b) the horizontal 
non-explosive, or Diesel, forms. Now, of these two 
meth of oil combustion as to rate, which should one 
choose? That question should be settled before con- 
sidering the means of introducing the oil, because one 
is not warranted in ding time in determining how to 
introduce the oil until there is first a decision as to what 
end is to be accomplished by it. In other words, we 
must establish the specifications before undertaking 
construction. 

It will be found, by comparing the full diagrams for 
those two combustion lines, with the same amount of oil 
and expansion, of course, following both, that about the 
same mean effective pressure is possible with both or 
with either. That is to say, so far as power is concerned, 
there is no choice. But, on the other hand, when you 
compare efficiency or fuel consumption, then this startli 
fact comes out: That the constant-pressure or Diese 
kind of non-explosive combustion is capable of only 
half the of the other kind of combustion, the 
explosive sort. To put it a lit:le differently and more 
precisely: If the fuel be burned explosively after com- 
pression, then an efficiency can be produced with a 
co ing fuel consumption equal to that obtainable 
with the non josive Diesel combustion when the 
latter has twice compression of the former. Again, 
to put it in still another form: A Diesel diagram with 
nearly 500 lb. compression produces no better efficienc 
or fuel consumption than an Otto le diagram wit 
250 lb. compression. is therefore absolutely no 
doubt on fundamental ground as to which of these two 
possible modes of burning offers the best promise of 
results. They are equal in possibilities and nearly 
two to one in efficiency with reference to compression. 
When I say the latter, do not misun Do not 
think I mean to assert that the Otto can give and always 
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with the hot intake ports, sweeping over the intake 
valves, sweeping against the interior cylinder walls, 
which are very hot, especially in large engines with thick 
metal, and finally it mixes inside with the hot products 
of combustion from the previous shot. So, to say that 
this 70 deg. F. air will rise 130 deg. F. and have a tempera- 
ture, therefore, of 200 deg. when compression starts as a 
very moderate estimate. It is never less than that, 
that is the reason I have made this the minimum 
. It might easily be much more than that, 
especially when it is considered that in some of these 
engines the interior is red hot in spots. In some of 
them the whole wall, especially the hot bulb type, is 
deliberately kept red hot as an igniter. It is quite clear 
that any products of combustion or air in contact with 
that red-hot t might easily approach or exceed a 
temperature of 600 deg. before any compressing is done 
at all. So I make the temperatures before compression 
range anywhere from 200 . to 600 deg., and there is 
even justification for going further. 

Now, when the compression starts the pressure follows 
the general law given at the bottom of the table, and from 
that certain variations follow ; but we are not quite sure 
as to what value the exponent 8 has, although we do 
know it cannot be lar than 1-4. We know by 
experience it is not less t 1-33. So, for each one of 
these values I have calculated two the com- 
pression pressure in pounds per square inch above the 
atmosphere—and you see here that to reach ignition 
temperature with 200 deg. initial temperature would 
require 190 lb. compression minimum to Ib. maximum 
—actually somewhere between ; it is difficult to fix it 
any closer. Whereas, if the initial temperature was 





600 deg., then the ignition temperature would be reached 
in that same cylinder with a compression of only 23 Ib. 
to 31 lb. That brings out in the most striking fashion 
this fact: That if the fuel is in contact with the air in 
the cylinder during compression, then the amount of 
compression cannot be very large in any case without 
pre ucing an uncontrolled pre lenin, And, more 

portant still, if any part of the oil and air is very 
warm before compression starts, then practically no 
compression can be carried at all, And, if you cannot 
carry much compression, then you have a very high 
fuel consumption and a very low efficiency. An engine 
pene such low compressions as are here required 
would burn nearly 2 lb. of oil per hour per horse-power, 
whereas the best engines are to-day running on about 
four-tenths of a pound—a ratio of five to one. 

Now, suppose an igniter that was itself under control, 
and fuel in contact with the air in the cylinder. How 
much can we compress it without any danger of pre- 
igniting it, so that when we want to fire it can be 
with the igniter that is under control? I suggest that 
200 deg. — is about as good as can be estimated. 
Let us limit the final compression temperature to some- 
thing like 200 deg. under the ignition temperature, 
in which case these are the allowable compressions : 
With 600 deg. initial temperature, the final compression 
pressure is 8 lb. to 10 lb. ; with 200 deg. initial tempera- 
ture, 104 Ib. to 152 Ib. (see table). 

On the other hand, suppose that the em was such 
as the Diesel, where the air temperature itself is to serve 
astheigniter. In that case to insure ignition, we should 
have a margin of about 200 deg. in the other direction ; 
that is to say, the air should be compressed to a sufficiently 
high pressure not only to produce ignition temperature, 
but 200 deg. more, in which case the last two columns 
give the compressions that are necessary. Should the 
oil now be introduced into the cylinder by means of 
compressed air to make a fine spray and scatter it through 
the charge of air, in accordance with the general practice, 
then it must be remembered that this air jet which is 
doing the spraying and the scattering is itself exerting 
a cooling action. Consider 1,000 Ib. or 1,200 Ib. pres- 
sure of air es through the spray valve into a 
cylinder with about 300 Ib. or 400 lb. or 500 Ib. compres- 
sion pressure, and it can readily be seen that there is 
a — considerable cooling action right at the jet. That 
it will act to prevent ignition, and, to make sure that 
the oil will ignite in spite of such cooling influence at the 
point of oil injection, it is necessary to carry the com- 
pression stillhigher. Let us provide at least 400 deg. over 
ignition temperature, in which case with an initia] tem- 
perature of 200 deg. we would require something between 
467 lb. and 800 lb. compression. With 600 deg. initial 
temperature we could secure this 400 deg. above ignition 
with anywhere between 80 lb. and 100 lb. compression. 

These figures should be made the subject of some 
study and be used in considering the various structural 
arrang ts, b in them will be found a key to the 
question : Why cannot this type of engine—this arrange- 
ment—be efficient ? And why is the other arrangement 
highly efficient ? Here also will be found the key to the 
question of how we should proceed to make the less 
efficient one more efficient. These three elements 
stand out :— 

First, is the fuel in contact with the air during com- 
pression, or is it not ? 

Second, if the oil is in contact with the air during 
compression, is the region of contact all of low tempera- 
ture, all of high temperature, or any part of it a high 
temperature region when the compression starts ? e 
initial temperature has a great effect on the degree of 
compression needed or permissible. 

Third, if the oil is not in contact with the air during 
compression, but has to be introduced su uently, how 
should it be introduced with reference to the igniter? If 
the air itself is to be the igniter, then a certain high 
value of the compression must be obtained, or the engine 
willnotrun. It the air itself is not to be the igniter, then 
what kind of an igniter can we provide ? e will look 
into that question. 

All the oil engines to attain commercial success 
had vaporizers. That is to say, there was some element, 
the duty of which was to heat the oil alone for later air 
mixing, or to heat the oil and air together, to produce a 
vapour air mixture. It matters very little as to what 
were the details of those arrangements—whether one 
produced a eae | carbonising action and another did 
not. They are all one as regards this point of controlling 
importance: The mixture when formed by any such 
vaporizing system is necessarily a warm or a hot mixture. 
Just how hot it has to be depends upon the vapour 
pressure of the particular oil, or rather the heaviest 
constituent of that particular oil, and I will give some 
figures to make it clear. A 60-deg. Baumé gasoline 
vaporizing in air requires a temperature of about 100 deg. 
to 110 deg. The ordinary lamp kerosene of 150 flash 
point vaporizing in air requires a temperature of 250 deg. 
A navy fuel vaporizing in air requires a temperature of 
420 deg., and so on. One could go on with any grade 
of oil or residue ; tor each there is some temperature at 
which the vapour of the oil can be produced in the right 
p rtions for combustion and in contact with its air, 
without residue and dry, The heavier the oil the lower 
its vapour pressure or that of its heaviest constituent, 
then the hotter that mixture must be to be a gaseous 
mixture ; and the hotter it is, according to this table, 
the lower the compression it can stand without selt- 





igniting. Therefore only those fuels that have high 
vapour pressures or that can make cold gaseous mixtures 
can be treated with the whole mass under compression. 
Those oils which are within the heavy class of oils, and 
have so low a va pecan 0 Se See ae 
or 400 deg. initial temperature outside the engine plus 
a couple of hundred degrees rise in temperature coming 
into the cylinder, can be compressed hardly at all. 
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Therefore such heavy oil engines t by any p 
conformity with Nature’s laws be efficient. It is funda- 
mentally sound that all those schemes for heavy oil 
engines that involve vaporizers are utterly incapable 
of producing an efficient engine. 

For some reason or other everybody playing with this 
class of machine in the early days seems to have been 
absorbed with the idea of cooking the oil ; they seemed to 
feel that it had to be roasted to death, and then wondered 
why they could not carry any compression, and why the 
efficiency was so low and the fuel consumption so high. 
This fundamental impossibility, against which mechanical 
ingenuity is absolutely helpless, never hit them at all ; 
and that situation has lasted from the early ‘seventies 
up till to-day, and people are still inventing schemes 
of this kind. 

It is perfectly clear that to produce a high efficiency, 
and at the same time a fairly high mean effective pressure 
in the interest of high power, the first and fundamental 
requirement is not only high compression, but to keep 
the oil away from the air until the time comes to burn it. 
By keeping the oil away from the air during compression 
any compression you please is yours for the asking. It 
is purely a matter of mechanical clearance between the 
piston and cylinder head. Therefore it would seem 
possible to secure almost any efficiency in such an engine 
with the delayed introduction of oil under the system 
which has received the name—and a very good name—of 
late-injections engines. Late injection is fund tal 
to efficiency. I will not say there is no limit to the 
efficiency, but it is far beyond the common old practice 
when this principle is adhered to. 

Now the late-injection _——— of working is highly 
developed mechanically only in Diesel engines, and therein 
you see there is a little scientific engineering anomaly. 
The desired and necessary egy of high compression 
with delayed injection has Coen pvelaged in its —- 
tion to the less promising type of cycle—the Diesel ; and 
the more promising t of cycle, the Otto—that which 
promises a given fuel consumption with half the com- 
pression of the Diesel—has been delayed; so that our 
engines have been highly developed along the less 
promising line without scarcely any development at all 
along the more promising line. © you wonder, then, 
that with the success we have had with the less promising 
we may expect and look forward to much greater success 
with the more promising field when it is vigorously 
followed up ? 

We have come now to this point: That after com- 

ression we are to introduce the oil, and the oil may be 
introduced in such a way as to produce an explosion or 
to burn at substantially constant pressure without ex- 
plosion. I want to point out to you next the controlling 
means in use for doing either one of those things or 
both of them. 

First, as to the Diesel : At the time the oil is introduced 
the temperature of the air is something higher than the 
igaition temperature—200 deg., 300 deg., 400 deg., 
or 500 deg. higher than ignition temperature—and so 
far in all these engines the oil has been introduced 
and sprayed by the aid of compressed air. How is the 
feed of oil controlled so that the rate of combustion shall 
be just enough to prevent the pressure falling along the 
re-€ ion line, but _ substantially constant ? 
That is entirely a matter of spray-valve design. If you 
set yourself the problem jally those of you who 
have not worked on this problem—of designing a scheme 
to squirt oil into a cylinder against 400 lb. or 500 lb. 
compression pressure at a graduated rate for 10 per cent. 
to 15 per cent. of the stroke, so as to hold the pressure 
constant, the oil burning as fast as it enters, you will find 
some little problem on your hands, and I venture to say 
that eight out of ten men will start with some kind of 
cam-driven pump. Now, that will not work at all. 
The thing that is relied upon is the tendency of the oil 
to stick to a metal te To make that clear, consider 
the ordinary spray Diesel valve with a fairly heavy stem 
in a casing. yond it there isa uated orifice outlet, 
which is the spray orifice and is c ble in size to suit 
the viscosity of the oil. The oil is pumped into the 
chamber or om between the casing and the valve stem 
by a pump which has only one duty to perform, and that 
is, measure the amount, not time or graduate of the 
injection. That cannot be done—or it never has been 
done. I do not think it can be done. The oil, in the 
ordinary course of events, is put into the spray-valve 
chamber before the injection is wanted, and it will run 
down to the bottom more or less fast. If the valve 
be lifted and the oil itself has reached the bottom or 
valve seat, the first thing to happen after the opening of 
the valve is a squirt of solid oil with no spraying what- 
ever. In an instant the oil is all out, and, instead of 
maintaining a uated combustion for 15 per cent. of 
the stoke, we have a lump of oil squirted in without 
spraying or graduation. ere will be a certain amount 
of combustion, but only part will burn ; the rest makes 
a little lump of carbon. 

Now, to secure graduation of oil feed, all that has 
been done is to stick a lot of plates with holes in them in 
the space between valve stem and casing. These plates 
have definite thickness —e and drilling ; sometimes 
they are given special forms and surface finish, each 
designer adopting an air of great mystery about his 
arrangement, and claiming absurd superiority over 
his rivals. 

All that these things do in the oil chamber is to provide 
an extended surface to which the oil naturally tends 
to stick. It might be filled with shot and it would no 
doubt work just the same. © The oil is pwnped into this 
pony vai when the valve is pulled open --4 —_ 
to travel down, partly by vity ani rtly by t 
surface frictional a on of the air on theo oil. The oil, 
however, is sticking to that labyrinth surface. The oil 
chamber is nothing but a mechanical labyrinth. That is 
what it is called for want of a bettername. And that is 








the only means that works as a graduator of oil feed, 
except one. The other one surrounds the valve stem b 
a sort of Venturi tube casing, between which and the 
valve body is found the oil-receiving chamber. There 
are two holes in the Venturi partition between the oil 
chamber and stem chamber, one from the Venturi 
throat to the bottom of the oil, the other imposing the 
total air pressure on the — — — the valve is 
o the compressed air flowing thro impinges on 
that hole to the surface of the oil and builds up its total 
pressure, while at the same time the other hole, being at 
the throat of the Venturi, is subjected to a lesser pressure 
by the air velocity head, thus developing lifting tendency 
on the oil, and we have a regular vacuum flow injector. 
This action of the former one of the labyrinth forms the 
basis of all the schemes for graduations of feed of oil from 
the spray-valve body to the spray-valve nozzle, so that 
the oil feeds during the required period of time at a more 
or less steady rate to this nozzle, and it is torn to pieces 
or sprayed 
It is clear that with this arrangement the rate of oil flow, 
the time of oil feed, and the rate of combustion will vary 
with the viscosity of the oil. 

Should such a valve be adjusted by the spaces and 
orifice size to give the required feed for a given oil, and 
then supply an oil of lesser viscosity, or may be the same 
oil pate. f hotter, or really a less viscous oil, then it will 
discharge much more rapidly, and instead of a horizontal 
combustion line there will be a rapid rise of pressure 
somewhat like a slow explosion. This indicates what is 
necessary if we desire to make rts md nozzle suitable for 
producing an explosion. To produce the explosive mix- 
ture and secure explosive combustion of oil with the 
spray nozzle, the first step necessary is to reduce the flow 
resistance in the body of the nozzle by removing a con- 
siderable amount of the labyrinth surfaces or by reducin 
the viscosity of the oil by heating it. Asa result the oi 
will be discharged much more rapidly, and if enough 
resistance be removed from such a spray nozzle it would 
give a substantially instantaneous injection of oil as a 
iquid spray. If that occurred we would have a more or 
less finely divided ——- scattered through the mass of 
compressed air, and if the air is not up to ignition 
temperature, then we would have produced what might 
be called a liquid explosive mixture, ready for any kind 
ofignition thatishandy. It is aliquid explosive mixture 
because no attempt has been made to vaporize the oil. 
All that has been done is to make really fine fog of liquid 
drops ded in the air, scattered through the com- 
bustion c. ber. To get such an explosive mixture 
or charge ready for ignition it is necessary that no part 
of the interior walls or the air itself touched by the oil 
be up to ignition temperature, because if the air should 
be up to ignition temperature, as would be the case 
with the Diesel, then the oil would ignite as it came in, 
before the oil spray charge was scattered through the air. 
To obtain the explosion it is necessary to get all the fuel 
into the cylinder and scattered through the air before 
it is ignited, just as with delay electric ignition. On the 
more desirable Otto cycle with its explosion it is necessary 
to prevent the air reaching ignition temperature durin 
compression ; it must be capable of igniting the oil 
and the ignition, by whatever means is relied upon, must 
itself be delayed long enough to let the whole charge 
of oil get in the cylinder, because unless it is in there 
is nothing that can explode. 

Now as to igniters: The common thing has been a 
hot plate; sometimes a bulb of spherical form with a 
neck; sometimes a hemispherical bulb without an 
neck, just forming a cylinder head; and sometimes all 
sorts of weird curves and twists and sha very one 
of them the subject of a patent. Now, of that collection, 
what is good and what is bad? There is a simple way 
of sizing it up. The hot metal—that is, the igniter— 
must be so related in position to the injection point that 
no part of the oil reaches the hot plate before all of it is 
in the cylinder, and the shape such that no part of the 
oil reaches the hot plate before any other part. 

Let me illustrate and you will see the force of this 
principle. Consider a cylinder with a yd valve at one 
edge of a nice hemispherical plate, red hot, the oil being 
sprayed at an angle toward the plate. There have been 
many madelikethat. The hot plate comes up quite close 
to the injector, which discharged a more or less conical 

ray. Some of the oil will strike the hot plate before 
the oil is all in the cylinder and considerable of the air. 
The first oil that hits that plate is going to fire the charge, 
or so much as has entered, and much of the air is utterly. 
inactive and cannot do anything, as it has received no oil. 
At the same time, an explosion of part of the c has 
taken place and the rest is still coming in. What does it 
meet on the way in? A red-hot—yes, a white-hot— 
mass of inert gas. What will hap ? Nothing but 
crack, liberating free carbon and carbon monoxide. The 
unused and unmixed air leaves free oxygen in the 
exhaust, and with it the unburned fuel appears as carbon 
monoxide and much free carbon with plenty of solid 
carbon cake inside. A very low mean effective pressure 
and low efficiency will result, and the engine will be 
very dirty. 

e ideal condition is that in which no part of the 
oil strikes the igniter sooner than any other part, and 
none of the oil strikes the hot plate until all the oil is in. 
Now, what kind of arrangement would give that ? 
Sup we had a spray valve ing a cone-like spray 

i rging axially in a hemispherical head, the centre of 
which is the spray orifice. en at the time the oil at 
full load had reached this hot ignition plate the last oil 
would have come in if the dimensions were right. That 
would be in conformity with the principle laid down. 
That arrangement will give an: from 50 per cent. 
to 100 per cent. more mean effective pressure than the 
non etrical arrangement previously described, and 
with it any ree ee oe you please may be carried. It 
does not matter how hot that latter plate gets, whereas 


y | first strikes and ough 
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the former has to be run cool on the side where the oil 

hot en elsewhere not to miss 
too hot and pre-ignite 
and knock its head off ; with a light load it fails to get hot 
and fails to fire at all. And so the engines in that class 
are always provided with some kind of scheme to prevent 
getting too hot at heavy load and too cold at low load. 
The popular water-injection scheme usually does nothing 
but wash the lubricating oil off the cylinder wall. 

For a long time, practically throughout the whole 
history of this art, this condition of necessary relation 
between the spray valve and the hot-plate igniter has not 
been realised, and yet hot-plate igniters have been in 
almost universal use. Now hot-plate igniters themselves 
are a bar to progress, because if we use a hot-plate igniter 
it has to be an outer wall. It has to be an outer wall so 
that you can start it with a torch and still not burn up. 
An inner wall cannot be started. A hot plate submerged 
in a cylinder cannot be started, b you t geta 
torch at it from the outside, If a hot-tube igniter be 

rovided for starting and an internal plate relied upon 
or running, as is sometimes done, then you have no 
control over that hot plate at all and it will burn out. 
So a hot-plate igniter has to be an outer wall to be 
practical, and when you have made it an outer wall to be 
practical, then it is not really practical, because it limits 
the size. That red-hot plate lacks tensile strength. To 
be sure, a selected grade of cast-iron can be found that 
will not lose too much tensile st h, but nevertheless 
it is very weak in proportion to t it might be. As 
cylinder sizes go u d I have already indicated that 
one of the great fields of need for the heavy oil engine is 
ship work, which calls for cylinders to go up just as high 
as we can make them hen the external hot plate is 
barred. It isnot good use it is too weak structurally. 
Here is the place, then where the functional problem 
leads to a structural debarment and where progress into 
the larger sizes requires an abandonment of the red-hot 
plate as an igniter—or at least a very material modifica- 
tion. If we can get along without it at all, then we need 
not fool with modifications, and as a result of that 
thought many people have tried various other schemes, 
and there is now being attained some success with 
electric igniters and with moderately-warmed internal 
hot plates, which are more properly called “ warm ” 
— Suppose, with reference to the latter, that we 
ve a 300-deg. internal temperature and one would stop 
just short of ignition. Suppose we had a 300-deg. 
initial temperature; then for practical reasons about 
279 lb. compression (see table) would carry the entire air 
above ignition temperature 200 deg., and that would not 
be practical with late injection. If, however, the initial 
temperature of the air were lower, or a sufficiently lower 
poy oe py were selected, we could come within 100 deg. 
or 200 deg. of ignition temperature and still have a 
substantial compression. As a matter of fact, it is 
perfectly feasible to use compressions up to 175 lb., 
approaching 200 lb.—possibly more—without reaching 
ignition temperature, provided the initial air is not too 
warm. Suppose we were injecting straight toward the 
piston and we had a spot of metal on there that did not 
get red hot, but Sateed the temperature of the air right 
next to it 200 deg. or 300 deg. higher than elsewhere. 
That is all that is necessary for ignition, and that is one 
way the thing might be done. A cold external wall 
for strength, a warm internal spot at the maximum 
distance from the igniter, not red hot but sufficiently 
warm to supply a couple of h degrees difference 
between the temperature attained by compression 
(which is not high enough to produce ignition) and the 
amount necessary to actually produce ignition at that 
one spot alone. 

We do not know much as yet about that scheme, 
— it is possible to run that way. Whether it can be 
developed into a practical controllable thing remains to 
be seen. I am inclined to think it can. If it can, then 
one serious bar to the increase in size and more extended 
use of the Otto cycle engine has been removed and a new 
field of most interesting and valuable possibilities 
opened up. 

Without that, however, there is still another way of 
proceeding that is receiving some attention. Fora long 
time back it has been known that with a sufficiently fine 
and proper kind of spray of oil into air an ordinary 
spark plug would serve as an igniter. With the —— 
kind of spray and plug the oil would collect at the spar 
plug and short-circuit it, but a spark plug can be made 
to ignite the right kind of spray just as positively as it 
ignites a gaseous mixture. An apparatus involving the 
lighting of sprays by spark pl is going to receive 
considerable impetus in the near future. 

As to engine schemes: Su we had a thoroughly 
cold interior engine—an engine thé walls of which were 
all cold, just as cold as we can get them, and to my mind 
you cannot get them cold enough for a good practical 
oil engine—the colder the better. In tothat ose cylinder 
we it a charge of air and compress it, but not 
sufficiently to produce ignition, and when we get a 
sufficient et pn ye to produce a highly economical 
engine as to oil and sufficient to produce a mean effective 
pressure approaching 100 lb. per square inch, then ignite 
with this spark plug. That can be done, and it is a most 
interesting possibility. It is particularly interesting 
because in conjunction with it it is possible to use a 
modified oil —_ 

With the standard Diesel engine the oil-spray valve is 
supplied with compressed air under 1,000 lb. and more, 
Now, in the actual running of these engines the air 
compressor to supply that air and the air storage are just 
about as big a nuisance as the i times, in 
fact, and often, more. If we could get rid of that, it 
would be a splendid thing to do. A “solid” spray is 
therefore a highly desirable t b 

So far we have succeeded in a number of engine 
solid-spray valves that work quite well, and they work 
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so well that I feel confident that the end of the compressed 
air spray is drawing near, and that thereby we are going 
to eliminate another big source of trouble. I am not 
sure that the solid injection spray I have in mind will 
work on the Diesel engine, because the Diesel engine 
requires a graduated feed, and I am not at all sure that 
the principle of action of the solid spray can be adapted 
to the graduated feed. It works splendidly with the 
instantaneous feed for the Otto cycle or explosion 
engine. There is only one principle that need be kept in 
mind to explain the many ways of working out the solid 
spray, and that ye 9 is pretty old. It is the principle 
of the navy fuel oil-burning spray for boilers. The 
navy and other ships cannot afford to use compressed air 
or steam for spraying oil, as is so common on land, 
because they have not the fresh water with which to 
produce this steam. They are therefore compelled to 
use a mechanical spray, and this type of spray has been 
very highly developed. It involves nothing more than a 
minute orifice from which the oil is discharged with a 
combined motion axially through the hole and rotary as 
it comes out, the rotary motion being developed before 
the oil reaches the hole in a rifling tube or tangential feed 
passage to a little whirl chamber just back of the spray 
orifice. By giving the oil a whirl behind the spray orifice 
with a proper exit from the orifice it issues with a motion 
in two directions—axial and rotary—producing a sort of 
solid conical spray that is fine and works well in an 
engine. By making the passages small enough in such 
a spray valve so that they are practically capillary, then 
a direct-acting pump plunger slamming against the solid 
column of oil will make such a spray without any dribble 
at the ends of the spray period. Remember that no 
dribble at the end or beginning of a spray is permissible, 
because every drop that dribbles carbonises. To avoid 
the dribble the only thing necessary is to get the passages 
substantially capillary in size, and that is not difficult. 
At first glance it would seem as if that boiler-spray valve 
could not be made to work with rapid intermittence, but 
it can and is so working to-day. 

Now a word or two on the structural side. We may 
assume that this functional question has in it consider- 
able undeveloped possibilities, and that these are not 
mysteries, but are lines of purely rational progress, the 
key to which we have in every instance, and nothing is 
unknown except how far you can go. We know the 
route every time; but we do not know how far we can 
go. Assuming that you can see with me in your mind’s 
eye non-Diesel, late-injection, high-efficiency oil engines 
working as well as the Diesel—or better—then arises the 
question : How should the structure be built ? Are there 
any lines of standardisation that can be well and proper! 
applied there? Or is every designer to regard himself 
as the one selected by the Almighty to produce some- 
thing that no one else ever made? For some strange 
reason, that seems to be in the minds of almost all oil- 
engine designers. While for years we have been building 
shafts, frames, and engine structures for steam engines 
and similar structures for pumps and compressors, just 
as soon as an oil engine designer gets his hand over a 
drawing-board he wants to throw all that experience 
away and get up some other thing and make more trouble 
than do the parts that are peculiar to the oil engine. 

The point of view to take with regard to this structure 
is this: There is no essential difference in kind, except 
the cooling problem, between an oil- ine cylinder and 
a steam-engine cylinder. The difference is one of degree in 
thestructural problem. There is no essential difference— 
certainly none in kind, between the problem of the frame 
and the bedplate and the rest of the running gear of 
the oil as compared with the steam engine. That being 
the case, these queer arrangements that have crept into 
the oil engine field and that have become more or less 
standard there, quite contradicting all previous ex- 
perience and established custom with the more firmly 
established steam engine, cannot be accepted. There is 
no difference whatever in the design of a column to 
support a bridge, a pier, or a building,.or to support a 
statue; all that counts is the load to be place onit. And 

et the oil man has persisted in carrying out his structure 
rom cylinder down to bedplate on radically different 
lines than have long been standard with steam. The 
result is hopelessly bad. Let us bring out some of our 
good old designers who understand the designing and 
building of structures to carry loads, and I would not 
tell them anything about the oil-engine peculiarities at 
all, Some other man is taking care of that. Then we 
will get somewhere. 

Just to point out one or two things, to illustrate what 
I have in mind, consider the most widely used Diesel cast- 
frame structure extending from bedplate to cylinder 
head, and being an axially-expanding cylinder line. 
This cylinder line is a stressed member, the stress being 
bursting stress, with 400 lb. or 500 lb. per square inch 
normal pressure at the top, and possibly an accidental 
maximum pressure with a pre-ignition pressure of twice 
that amount—1,000 Ib. or 1,200 lb. per square inch. 
Now we certainly know how to build cylinders to with- 
stand bursting, so this is not peculiarly an oil-engine 

roblem, except that its expansion must not be restrained. 

‘hat cylinder structure is inside of a heavy casting and 
held at the top. This casting is practically an “A” 
frame with a cylindrical extension at the top; the 
eylindrical extension forms the water-jacket and is faced 
at the top on which the cylinder line flange rests. There 
is a slip joint at the other end of the line to allow of 
longitudinal expansion of the cylinder line barrel with 
reference to the jacketted frame. An engine built along 
such lines as that is fundamentally w: » because the 
jacket is at the same timeaframe. What is its principal 
duty ? Its principal duty is to hold water—and any- 
thing that will hold water will do just as well—and yet 
you will find big engines with jacket walls of 1}-in. cast- 
iron for many feet in diameter. Think of all the weight 
that goes with that, and for what ? To hold water and 





transmit an upward tension load from the cylinder head 
down to the main bearing. Nothing could be more 
fundamentally wrong. In the first place, as to the 
material: It is all cast-iron and is always in tension if 
it is loaded at all. If it were a steam engine there would 
be an alternate compression and tension ; but here it is 
tension-loaded, and if there is any worse material than 
cast-iron for carrying a tension load, it is probably cast 
aluminium. Furthermore, if such a cylinder line barrel 
is strong enough to resist bursting, it has just twice the 
factor of safety for the longitudinal tension stress, which 
means that the dgyible metal of line and jacket is entirely 
unjustified. The’cylinder should be held to the frame at 
its crank end and the jacket eliminated as a stressed 
member. There is no reason for carrying a heav 
cast-iron wall for a jacket, when ordinary tank steel will 
do the job just as well and a little bit better. We have 
oxygen welding apparatus that will enable us to weld 
the edges of a thin sheet to cast-iron with perfect success 
and with not much expense. 

There is then a necessity for changing the cylinder 
to take off that unnecessary weight. Do you know that 
some of these engines of stationary form—the class I am 
condemning—weigh 600 Ib. per horse-power? Think 
of it! And when these same engines are refined down 
for ship work without changing the type of structure, 
just the same typical arrangement, but reducing the bed- 
plate and getting rid of flywheels, they come down to 
about 150 lb. per horse-power. But there they stick. 
To go below that it is necessary to change the structural 
arrangement to conform more and more nearly to the 
better and more refined class of standard steam practice, 
and in this country there are excellent models for them, 
and all that has to be done is to follow them out and keep 
within the same method of calculating loads and factors 
of safety—keep the same factors and the result will work 
just as well as in the steel. That means not only the 
taking away of this cast jacket and making the cylinder 
barrel carry the two kinds of stress—the bursting and 
the longitudinal at the same time, which it is perfectly 
able to do—but it means also to take this heavy cast-iron 
frame structure away from the space between the 
cylinder end and the bedplate and to substitute for it 
the steel tension rod construction of the torpedo boat 
or yacht engine—to mention the two most highly- 
developed forms of that structure. To besure, that type 
of engine is not a stiff engine. Certainly the cylinders 
are going to sway and weave. But what of that? 
Where did these oil-engine designers get the idea that 
this thing had to be a stiff structure, like a brick wall ? 
I do not know where, but they got it, and there it sticks. 

The most successful engines we have to-day, and 
the most wonderful machines that we have ever designed, 
are steam locomotives. When you consider what 
they have to do and how well they do it, they are truly 
wonderful. What would happen to a locomotive that 
was built stiff? And what would happen to the rails 
on which it runs? You would have neither locomotive 
nor rails at the end of the first ran. The steam engine 
that gives years and years of service and is regarded as 
a model of reliability, carrying a ship trip after trip, 
back and forth across the ocean like a ferryboat—is that 
a stiff structure? It is not; it weaves and twists, but 
that does not hurt it. Why, then, should we insist upon 
the cast-iron stiff structure for oil engines ? There is no 
reason on earth why we should. So I say that we can 
take the steam-engine structure from bedplate to cylinder 
and design and apply it to oil engines, selecting dimensions 
to give similar elastic factors, bearing loads, and so forth, 
and it should give equal success. 

After these two changes it will be time to remove the 
outside cast wall of the cylinder head. By taking the 
cast head jacket away from the top of the head we will 
free the valve housings, the intake and exhaust ports, 
the housing for spray valve and starting valve. Frese 
will then be e and the present elaborately-cored 
casting eliminated. These cored heads are so awful the 
foundrymen and moulders are not to be blamed for doing 
with them what they always do when they get into a 
corner with cores that are too intricate—they knock a 

iece off ; and then we wonder why the head overheats. 

e designer thought he had provided for water, but the 
moulder could not get it there, and the designer is 
responsible for asking a moulder to" do what no man 
could do. In proportion as that casting is made easy to 
mould, so it will be a good job. By means of the oxygen 
weld the whole cylinder head top can be left off and the 
only cores left are the cores for the intake and exhaust, 
which are easy cores. Then you get a clean castin 
which can be inspected on both sides and free of bi 
shrinkage stresses, add a sheet jacket welded around the 
edges, and you will have a real job. 

Just as an indication of what happens when this thing 
is carried out, even in part, I will tell you that the most 
highly-developed of these oil engines to-day are the sub- 
marine engines. In those engines the heavy cast frame 
structure in the better of them has been removed, and, 
as a consequence of the steam-engine practice as to frame 
structure, those engines, which in the older form of oil- 
engine structure weighed 150 lb., more or less, to the 
horse-power, have come down to what? Thirty-five lb. 
or 40 lb. per horse-power. They still, however, are 
carrying the cast-iron jacket and a cast-iron roof to the 
head, so there is room for saving some more without 
doing any harm whatever. 

To conclude, then, with a word or two about the 
auxiliaries—especially with ships, because you may get 
a perfectly fine engine, and by wrong kinds of auxiliaries 
or wrong arrangement of auxiliaries have an awful hard 
engine-room to work. The tendency for some time has 
been to regard the engine structure, when it comes to 
auxiliaries, as a sort of Christmas tree on which you 
hang anything you want to use. If they decided to put a 
fire alarm in the engine-room, I have no doubt that they 
would stick it on the engine somewhere. You find 





circulating pumps, air compressors, water pumps for 
circulating water, and oil pumps, in some cases bilge 
pum 1 hooked on to the main structure of the engine, 
which, in some cases and quite a number, is 2-eycle, with 
a row of scavenging cylinders stuck along one side, so 
that they resemble the old river boat engines. It 
certainly makes a weird combination, and in the old-day 
steam-engine practice just that thing was done. They 
carried feed pumps on the engine, condensers were 
mounted on the engine, and hot well and circulating 
pumps likewise. It took us 150 years to get rid of that 
arrangement, and it is no longer standard practice, 
The engine structure should be preserved and respected 
as an engine structure, and not interfered with at all by 
hanging any kind of trimmings on it that have the 
slightest possibility of interfering with access to the 
engine. Doubly so is that true when the auxiliary 
attached to the engine does not and cannot behave 
right as attached. 

In the latter connection I would call your attention 
particulary to the circulating pump for water. When 
the circulating pump for water is driven off the engine, 
either by its own crank or by rocker and links from 
other moving parts, then when the engine stops the water 
stops, and when the engine starts the water starts. That 
might seem to be a desirable thing at first glance. Asa 
matter of fact, it is positively dangerous, and many 
eracked cylinders and piston heads can be traced to that 
cause alone ; because, consider the interior of a cylinder 
when the engine is running at full power, and you will 
see that there are some hundred pounds of metal very 
hot—quite hot in proportion as it is thick. Now when 
that engine is shut down heat is there as insensible heat 
of the metal, and the jackets are full of water—X lb. 
of water and Y Ib. of hot metal. If the weights and 
heats involved are figured out you will find in a big 
engine there is enough heat in the metal to evaporate all 
the water to steam and you would still have some left to 
conduct out to more distant parts, which should be cold 
—parts which are designed to be cold, but which, when 
hot, crack. Especially is that true when after such a 
shut-down and 4 general heating somebody starts the 
engine and shuts a lot of cold water up against the 
surface. That condition can be eliminated only by 
completely independent jacket water circulators sepa- 
rately driven by another engine, which permit the 
running of the water so long as water comes out from 
the discharge with any rise in temperature over the intake. 
In other words, the water should be continued through 
such an engine until it ceases to become warm, and that 
may be from 20 minutes to half an hour after the shut- 
down, depending on the size and style of machine. 

A similar discussion could be carried on about other 
auxiliaries. This question of auxiliary arrangement and 
starting by an auxiliary engine is just as important for 
study as the engine itself. There is just as much room 
for improvement as in the engine structure, as a structure, 
or the engine parts that are concerned with its functional 
operation. 

Getting back now to the beginning, it must be 
admitted, and the more you study it the more willing you 
will be to admit it, that, while we have made very con- 
siderable progress with the heavy oil engine, that progress 
is by no means ended. In fact, we can go much further 
yet than we have already gone, and we can make the 
heavy oil engine meet conditions it has heretofore failed 
to meet. 





Tue InstirvuTion or Eecrricat ENGINEERS.— 
A.M.I.E.E. Examrination.—In view of the practical 
impossibility while the war continues of holding the 

.M.I.E.E. examination and of candidates having the 
requisite time to prepare for or undergo examination, 
the Council of the Institution of Electrical Engineers 
have decided to suspend temporarily the Institution 
rules in regard to examinations. The greatest care will 
nevertheless be exercised by the council to ensure that 
only candidates possessing the qualifications laid down 
in the Articles in respect of training and experience are 
admitted to associate membership. Candidates who 
have been informed that they have been approved for 
associate membership subject to their passing the 
examination and who desire their applications to be 
reconsidered by the council are required to communicate 
with the Secretary, at No. 1, Albemarle-street, W. 1. 


Census oF PrIvaATE Owners’ Rartbway WAGoNns.— 
The Board of Trade have made an Order under the 
Defence of the Realm Regulations providing for a census 
of all railway wagons not owned by railway companies. 
The form of return, which has been drawn up with the 
assistance of the Railway Clearing House, provides for 
a statement of the size, capacity and description of 
wagons, the traffic for which they are designed or mainly 
used, and the station, colliery or works at which they are 
generally loaded. The obligation to furnish the return 
is placed upon the person or firm on whose behalf the 
wagon is running on August 1, 1918, except in the case 
of wagons hired for less than three months. In the 
latter case the owner is required to obtain and furnish 
the particulars. A part of the information now required 
was obtained some time since by colliery owners’ 
associations, so far as related to the wagons used by 
collieries. No complete information regarding other 
railway wagons appears to have been compiled hitherto. 
The Board of Trade have |p ew a list of owners, 
and forms for the purpose of making the return will be 
despatched to them. As, however, the return is 
obligatory, under penalty, owners who do not receive 
a form before Au 1 should apply to the Board of 
Trade, Statistical Department, 68, Victoria-street 
London, 8.W. 1, for a copy of the form. The return is 
required to be completed on or before August 14. 





